受容体特異的なペプチドを用いた新規バイオマテリアルの創製 by 藤森 能
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ǀîqnZ`-G_Nu_[IR:ªɔˆ&ǞǓƼŗ:ɢ¯ˇ 
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ȉ 2ȏˈġˀƒž
3)ġˀƁƹ 
1-2-1 qnZ`îŞ 
 qnZ`'ˆ9-fluorenylmethoxycarbonyl˄Fmoc˅ÿǴîŞƹ% îŞˇqnZ
`îŞ&Ƨȸ˄Q˅" I=v`Q˄=većˈ0.74 mmol/gˆ
Novabiochem :˅Ǡ CˆƐȈ=v`%$63%îŞ Fˇmoc³ɮ=veʙ'ˆ
ºʞ³ɮć Asn Cˆys Gˆln Hˆis' tritylć Aˆsp Gˆlu Sˆer Tˆhr Tˆyr' t-butylćˆ
Arg' 2,2,5,7,8-pentamethylchroman-6-sulfonylć Lˆys' t-butoxycarbonylć&1&:Ǡ
ˇQ: N,N-dimethylformamide˄ DMFˆʣƖàĝ˅! 3ûƻƽōˆ20%k
qQ/DMF :ʐņʝÜ	ˆQ& Fmoc ć:ȹ³ɮˇȹ³ɮȝōˆQ
: DMF! 4ûƻƽ6"%35kqQ:ʥçōˆQ&=već%
ħ 5ņʝ& Fmoc³ɮ=veʙ"ȩîÕ" diisopropylcarbodiimide˄DICˆĀ
ǟàĝ˅ˆ N-hydroxybenzotriazole˄HOBtˆǃʀàĝ˅ˆ 
3)Ǉę" DMF:ʐņ
ʝÜ	ˆ1ƈʢŬ" ȩîˇȩîōˆīʝ&Q:Ů5ˆbi`
:Ǡ Kaiser ɣˀ%35ˆèŕǕś:ǻɥˇèŕğȠ $ĉî%'ˆ
5ņʝ&³ɮ=veʙ" DICˆHOBtˆ
3) DMF:Ü	ˆ1ƈʢŬ" Æŀȩ
î èˇŕğȠ 6":ǻɥō =ˆveʙÜQ: DMF
! 3 ûƻƽˆÆ) 20%kqQ/DMF % 20 Îʢȹ³ɮ:ɍˇōˆðƤ
%í³ɮ=veʙ&ȩî" Fmocć&ȹ³ɮ&ŷª:ȫ5ʂˆŏ47³ɮqnZ
`Q:xXe! 3 ûƻƽˆʼˇƫ%ˆ³ɮqnZ`Q%
trifluoroacetic acid˄ TFA˅ˈthioanisoleˈ m-cresolˈ ethanedithiolˈ ɷȚƴ˄ 80:5:5:5:5 vˆ/v/v/v/v˅
&ǀîƾ:Ü	ˆĢǄ! 3ƈʢŬ"6"!ˆºʞ³ɮć&ȹ³ɮ
3)Q
4qnZ`:ȹʭˇ&ōˆQ:l>X!ʥçˆǲǮ&qnZ
`:ò/ǋƾ:ŏˇǋƾ%QBZB]:Ü	ˆƗÍƷƱǓ:ʏœÎʭ%
35ʬ0ˆƷƱǓ:ÆŀQBZB]!ƻƽōˆʏœÎʭ:ɍˇ&ŷª:
3ûȫ5ʂˆƷƱǓ:ĢǄ!ʼōˆ50%ʘʙ/ɷȚƴ:ʐʝÜ	 Ǉɜ
˄ ȕqnZ`˅ˇŏ47ȕqnZ`' ʄˆǴHPLC˄ Waters Mˆightysil RP-18 GP 250-10 
column 0ˆ.1% TFA/ɷȚƴ
3) 0.1% TFA/=T_b_%36JQB_˅% 
ȖɔˇȖɔqnZ`'ÊȠǑˆǭɅȰƳǕ&ȔƐ:ŏˇqnZ`&Ț
ŀ' HPLC :Ǡ ǻɥˆÎĚʝ'ɳʝÎƗ˄ESI-MSˆƖɊǿĒĝĔÎƗT
X˅:Ǡ ǻɥˇ 
 
1-2-2 ȜȶĆʿ 
 i_ƀǞÁǰȾȥȡɆȜȶ˄ human dermal fibroblasts HˆDFs Cˆell Applications '˅ˆ 
10%@PȴÁɌǂ˄fetal bovine serumˆFBSˆInvitrogen˅ˆ 100 units/mL qbP
˄Invitrogen˅ˆ 
3) 100 µg/mLR_n_u?P˄Invitrogen˅:ò/ Dulbecco’s 
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modified of Eagle’s medium˄DMEM Iˆnvitrogen˅:Ǡ 3ˆ7 5ˆ% CO2Ɣ !Ć
ʿˇ[_×Ⱥ˂ɳIwɚ÷ŗȜȶȼ˄PC12 Ȝȶ˅'ˆȓĀĀȆ³¹ɎǞǹ
ȄŠ˄NIH˅35­ʶ PˇC12Ȝȶ&Ćʿ%' 7.5% FBS 7ˆ.5% @uɌǂ˄horse 
serumˆHSˆInvitrogen˅ˆ 100 units/mLqbPˆ100 µg/mLR_n_u?Pò
ƍ DMEM:Ǡ 37ˆ5% CO2Ɣ !Ćʿˇ 
 
1-2-3 Maleimidobenzoyloxy˄MB˅-G_N&ɨɔ 
 Chitosan-10˄428 mgˆ2.66 mmol of sugar unitˆWako˅: 2%ʘʙƴǇƾ˄21 mL˅%
Ǉɜ 2ˆ4ƈʢŸŨ DˇMF˄ 5 mL :˅Ü	 Nˆ-(m-maleimidobenzoyloxy) succinimide
˄MBS˅˄ 25 mgˆ0.08 mmol /˅DMF˄2 mL˅Ǉƾ:ƵÈ!Ü	ōˆʑ¿ ĢǄ
! 24ƈʢŵŨˇ5% NH4OHƴǇƾ˄4 mL˅:īʝÜ	ˆʑ¿ 4! 3
ƈʢŸŨˇDMF˄200 mL˅:ǁÜōˆʏœÎʭ%3 ƷƱˇƷƱ
Ǔ% 75%xXeƴǇƾ 5ˈ% NH4OHƴǇƾ˄ 40:0.5 vˆ/v !˅ 3ûƻƽ ƫˇ%ˆ
100%xXe:ǁÜˆʏœÎʭ4ŏ47ƷƱǓ: 20%ʘʙƴǇƾ!Ǉɜ
ˇ&ōˆʑ¿Ɣ !ÊȠǑˆMB-G_N"˄ǞŞǓˈ260 mg˅ˇ  
 
1-2-4 qnZ`-G_Nu_[IR&ɨɔ 
 MB-G_NǇƾ˄4%ʘʙˆ20 µg/mL˅: 96-welln_&í well% 50 µLÜ	
(3 ng/mm2) 2ˆ4ƈʢĢǄ!Ǒ ˇǑō íˆ well% 1% NaHCO3ƴǇƾ˄ 100 
µL˅:Ü	 1ˆ0ÎʢĊćÌǚō PBS˄ 100 µL˅! 3ûƻƽˇ&ō 0ˆ.1 mM
qnZ`Ǉƾ˄0.1% TFAƴǇƾˆ50 µL˅" 1% NaHCO3ƴǇƾ˄50 µL˅:Ü	ˆĢ
Ǆ!ʑ¿ 2 ƈʢèŕˇqnZ`: MB-G_N%ȠîˆqnZ`-G
_Nu_[IR:ªɔˇ 
 
1-2-5 ȜȶůǶƼŗ&ɢ¯
3)Ȝȶ¤ĮƼŗ&ɢ¯ 
 qnZ`-G_Nu_[IR:ªɔn_'ˆ1%@PɌǂ=mv
˄bovine serum albumin BˆSA Sˆigma /˅DMEM˄ 150 µL !˅ƻƽō 1ˆ% BSA/DMEM
˄150 µL˅! 30Îʢm[GJˇm[GJȝōˆn_: 0.1% 
BSA/DMEM˄150 µL˅! 2ûƻƽˇĆʿȜȶ˄HDFs˅' PBS!ƻƽˆ_n
P-EDTA˄Invitrogen˅:Ǡ ^>[P{4ÖʭˇÖʭȜȶ'ɌǂǁÜ
ĆĂ%ŝǉˆ37ˆ5% CO2 Ɣ ! 20 Îʢ?G{+P}ōˆ0.1% 
BSA/DMEM! 2ûƻƽˇȜȶ: 0.1% BSA/DMEM%ŝǉˆí well% 100 µL
ŴȂ˄5 × 103 cells/well˅ˆ 37ˆ5% CO2Ɣ ! 1ƈʢ?G{pP}ˇ
?G{pP}ȝō 0ˆ.2%IRXg?D[_/20%xXeƴǇƾ:Ü
	 ůǶȜȶ: 15 ÎʢƛɅˇ&ōˆn_:ɷȚƴ! 2 ûƻƽˆĢǄ!
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ʼˇůǶȜȶ'¿ĝʹőʟ˄Bio ZeroˆKeyence˅!ɛĦˆBZ-analyzer
Vl_@A=˄Keyence˅:Ǡ Yw!ʒŦ 6ʷą˄1ʷąˈ0.67 mm2˅&
ȜȶŻ:E@_ˇ&ĸă:ȜȶůǶƼŗ" ɢ¯ˇ-ˆůǶȜ
ȶ&ʳȃ' BZ-analyzerVl_@A=:Ǡ ɞǅˆȜȶ¤ĮƼŗ:ɢ¯ˇ 
 
1-2-6 ȜȶůǶ%ħ6oh" EDTA&ʤģɢ¯ 
 96-welln_&í well%Óʃ"ðƤ&Ɓƹ!qnZ`-G_Nu_[IR:
ªɔˇȜȶŝǉƾ%oh: 10 µg/mL6' EDTA: 5 mM&Ǌŀ%$6
3ǁÜˆ37ˆ5% CO2Ɣ ! 15Îʢ?G{pP}ˇȜȶŝǉƾ:
í well% 100 µLǁÜ˄5 × 103 cells/well˅ 3ˆ7 5ˆ% CO2&Ɣ ! 1ƈʢ?G
{pP}ˇ?G{pP}ȝōˆ0.2%IRXg?D[_/20%
xXeƴǇƾ:Ü	 ůǶȜȶ:ƛɅˇ&ōˆn_:ɷȚƴ! 2ûƻ
ƽˆĢǄ!ʼˇ ˆÓʃ&ȜȶůǶƼŗ&ɢ¯"ðƤ&Ɓƹ!ůǶȜ
ȶŻ:ɞǅˇ 
 
1-2-7 Àǧɋ¿ƛɅ 
 Àǧɋ¿ƛɅ' 8-well ZzgR?`˄Nalge Nunc˅:Ǡ ɍˇ8-well
ZzgR?`%Óʃ"ðƤ&Ɓƹ!qnZ`-G_Nu_[IR:ªɔ
 8ˇ-wellZzgR?`&í well: 1% BSA/DMEM! 30Îʢm[G
J ˆ&ō 0.1% BSA/DMEM! 3ûƻƽ Óˇʃ&ȜȶůǶƼŗ&ɢ¯"ðƤ&
Ɓƹ!Ȝȶŝǉƾ:ɨɔ íˆ well% 300 µLǁÜ˄ 3 × 103 cells/well ˅ ǁˇÜōˆ
37ˆ5% CO2Ɣ % 2ƈʢ?G{pP}ˇ&ōˆ2%hrw=
^i`˄ PFA˅ˆ5%RIR:ò/_RȧɏǞǚʽĊƴ˄ tris-buffered saline TˆBS˅
! 10 Îʢ?G{pP}6"%35Ȝȶ:ÿĠàˇ4%ˆ0.5% 
Triton X-100:ò/ PBS:Ǡ 10ÎʢȿʅʌÌǚˇÿĠȜȶ: PBS! 30
Îʢƻƽˆ3% BSA/PBS:Ǡ ĢǄ! 1ƈʢm[GJˇm[GJȝ
ō uˆ@RyeIaťi_jG{˄ clone hVIN-1 Sˆigma 1ˆ:100 :˅ 4
!Ɖèŕ 0ˇ.05% Tween 20:ò/ PBS! 2ûƻƽō rˆhodamin red-labeled 
donkey anti-mouse IgG antibody˄ 1:100 Jˆackson Immuno Research Laboratories˅" Alexa 
Fluor 488 phalloidin˄1:100ˆ1 unit/mLˆInvitrogen˅:ĢǄ! 2ƈʢèŕˆ7
7 j  G {   " = I Z  l >  x  _ : ƥ ɭ   ˇ Ȝ ȶ ƞ '
4,6-diamidino-2-phenylindole˄ DAPI 1ˆ:50000 Iˆnvitrogen !˅ƥɭ 0ˇ.05% Tween 20
:ò/ PBS! 10ÎʢƻƽōˆɷȚƴ%35ȹĊÌǚˆ50%JTǇƾ
!ĨÂˇOɵƜĄÄǎǌʹőʟ˄FluoView FV10000D IX81ˆOlympus˅:
Ǡ Ȝȶ:ɛĦˇ 
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1-2-8 FAK˄focal adhesion kinase˅ʙà&ɢ¯ 
 96-welln_&í well%Óʃ"ðƤ&Ɓƹ!qnZ`-G_Nu_[IR:
ªɔˇȜȶŝǉƾ&ɨɔ'ˆÓʃ&ȜȶůǶƼŗ&ɢ¯"ðƤ&Ɓƹ!ɍˇ
Ȝȶŝǉƾ:í well% 50 µLǁÜ˄5 × 104 cells/well˅ˆ37ˆ5% CO2Ɣ ! 90
Îʢ?G{pP}ˇ&ōˆí well&ůǶȜȶ: 50 µL& SDSNn
g[l<!Ǉɜ 7ˆ.5%& SDS-PAGE!Îʭ pˆolyvinylidene difluoride˄ PVDF˅
ȿ%ɻÇˇ&ȿ: 3% BSAǇƾ!m[GJˆť FAKť©˄1:1000ˆCell 
Signaling˅1'ťʙà FAKť©˄Tyr397˅: 4!Ɖèŕˆƥɭƫ
ť©˄HRP˅˄ 1:2000ˆGE Healthcare Bio-Sciences Corp˅! ECLG[_˄GE Healthcare 
Bio-Sciences Corp˅:Ǡ ƢÍˇʙà7 FAK&Ǵħ¸: ImageJVl
_@A=%3 Ġʝàˇ 
 
1-2-9 Ǿȟȅɶ¤ʠ±ʉƼŗ&ɢ¯ 
 96-welln_&í well%Óʃ"ðƤ&Ɓƹ!qnZ`-G_Nu_[IR:
ªɔ˄qnZ`ʝˈ10 nmol/wellˆG_Nʝˈ30 ng/mm2˅ˇ 96-welln_&
í well: 30 nM NaSeO3òƍ DMEM/F-12˄Invitrogen˅! 3ûƻƽˇɢ¯& 24ƈ
ʢÓ% 100 ng/mLǾȟŞʠüĚ˄NGF Iˆnvitrogen˅!Ìǚ PC12Ȝȶ: PBS!ƻ
ƽ ƻˇƽō kˆq[]>J%35Ćʿ^>[P{4 PC12Ȝȶ:Öʭˇ
PC12Ȝȶ' 7.5% FBS 7ˆ.5% HS 1ˆ00 units/mLqbPˆ
3) 100 µg/mLR_
n_u?Pòƍ DMEM%ŝǉˆ37ˆ5% CO2Ɣ ! 30Îʢ?G{p
P}ˇ30 nM NaSeO3òƍ DMEM/F-12! 3ûƻƽōˆPC12Ȝȶ: 100 µg/mL
_RlA˄Sigma˅ˆ 20 nM nLR]˄Sigma˅ˆ 5 µg/mL ?R
˄Invitrogen˅ˆ100 ng/mL NGF
3) 30 nM NaSeO3òƍ DMEM/F-12%Æŝǉˇ
Ȝȶŝǉƾ:í well% 100 µLǁÜ˄5 × 103 cells/well˅ˆ37ˆ5% CO2Ɣ !
24 ƈʢ?G{pP}ˇ?G{pP}ȝōˆ4%rw=^i`
ƾ! 10 ÎʢÿĠàÌǚˆ0.2%IRXg?D[_/20%xXeƴǇƾ!
PC12Ȝȶ: 15ÎʢƛɅˇƛɅōˆn_:ɷȚƴ! 2ûƻƽˆĢǄ!ʼ
ˇʼōˆPC12 Ȝȶ:¿ĝʹőʟ˄Bio Zero˅!ɛĦˆBZ-analyzer Vl_
@A=:Ǡ Ǿȟȅɶ&ʠ:ɞǅˇǾȟȅɶ¤ʠ±ʉƼŗ'ˆȜȶ©&¶
&Ǿȟȅɶ:ƍ6Ȝȶ&Ùî˄%˅:ȍÍ6"!ɢ¯ˇ 
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ȉ 3ȏˈġˀȠƙ 
1-3-1 qnZ`-G_Nu_[IR&ªɔ 
 7-!%ʜƴ4' ˆvb-111&Ã=veʙʗÐ:Ȣȭ 673Ȃʺ&îŞq
nZ`ǠȢȭǮ$RIbJ4 đˆŻ&ȜȶůǶqnZ`:ðĠ 
11-15)ˇ74'ˆqnZ`:n_%M_6Ɓƹ1'qnZ`ȠîTl<
RjS:Ǡ6Ɓƹ%3 ȜˆȶůǶƼŗ+4+++!ɢ¯7 6 Ƒˇ
ȇ!'ˆƁƹ%
6ȜȶůǶƼŗ&îɞRM=++:Ǽ 60 Ȃʺ&qn
Z`:ʒŦ˄Table 1-1˅ˇ 74 60Ȃʺ&vb-111ǢƕȜȶůǶqnZ`&
NƐȈ%'ˆMB-G_N"&Ƞî&0 CysƮć:Üˆ4%RqN"
 Gly: 2ƮćÜ CGG-qnZ`:îŞ îˇŞ 60Ȃʺ&qnZ`:Ǡ
 qnZ`-G_Nu_[IR:ªɔˆǞǓƼŗ:ɢ¯ˇ 
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Table 1-1.  60 biologically active peptides derived from laminin-111. 
 
 
 
60 peptides derived from laminin-111 promoted HT-1080 cell attachment activity on plate and/or beads assay. 
When setting “+” as 1 point, more than 2 points of peptides were chosen. n.t.: not tested. a A99a sequence 
arranged A99 sequence short. A99a-chitosan matrix promoted HDFs cell attachment activity. A99a was used for 
this experiment. b EF1 is different from other peptides in evaluation method. EF1zz-chitosan matrix promoted 
HDFs cell attachment activity. EF1zz was used for this experiment. 
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1-3-2 qnZ`-G_Nu_[IR!&ȜȶůǶƼŗ&ɢ¯
3)Ȝȶ 
   Ňś&ɛĦ 
 60 Ȃʺ&qnZ`-G_Nu_[IR%
 ˆȜȶůǶƼŗ:ɢ¯"
8ˆ26Ȃʺ&qnZ`-G_Nu_[IRȜȶůǶƼŗ:Ǽ˄Fig. 1-1A˅ˇ
Ɓ!ˆ34 Ȃʺ&qnZ`-G_Nu_[IR'ȜȶůǶƼŗ:Ǽ$ˇ
AG73-G_Nu_[IR'ˆlJŇŞ:£ŅȜȶůǶƼŗ:ƍˆȜ
ȶ'Ňś:Ǽ"7-!%Ĉó7 6 Bˇ31-G_Nu_[IR!
'ˆAG73-G_Nu_[IR"ðƤ&ȜȶŇśɛĦ7˄Fig. 1-1B˅ˇ A99a-
G_Nu_[IR" EF1zz-G_Nu_[IR' ȜˆȶůǶƼŗ:Ǽ Ȝˆȶ
'Ȝʠ¤Į ˄ Fig. 1-1B˅ˇ C162 C68:ò/ 20Ȃʺ&qnZ`-G_Nu
_[IR%
 1ȜȶůǶƼŗǻɥ7 ˆ&Ȝȶ' AG73-G_Nu_
[IR" A99a-G_Nu_[IR&ʢǮ$Ňś:Ǽ˄ Fig. 1-1B˅ˇ 74
&"4ˆqnZ`-G_Nu_[IR'qnZ`&Ȃʺ%3 ˆȜȶůǶ
Ƽŗ
3)ȜȶŇśǥ$6"Ǽ7˄Fig. 1-1B˅ˇ  
 
 
 
 
Fig. 1-1.  Cell attachment activity of 26 biologically active peptide-conjugated chitosan matrices. 
(A) Peptides (5 nmol/well) were coupled to the MB-chitosan matrices (3 ng/mm2) in 96-well plates. The HDFs 
(5 × 103 cells/well) were allowed to attach to the peptide-chitosan matrices for 1 h and then stained with crystal 
violet. The graph is representative of at least three similar experiments, and ± SD are indicated. (B) Cell 
morphology of six cell adhesive peptides A99a-, EF1zz-, C16-, C68-, AG73-, and B31-chitosan matrices. Scale 
bar = 50 µm. 
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1-3-3 qnZ`-G_Nu_[IR!&Ȝȶ¤ĮƼŗ&ɢ¯ 
 qnZ`-G_Nu_[IR%ůǶȜȶ&ʳȃ:ɞǅˆȜȶ¤ĮƼŗ
:ɢ¯˄Fig. 1-2˅ˇ A99a-G_Nu_[IR%ůǶȜȶ&ʳȃ' 3000 
µm2!ˇ5 Ȃʺ&qnZ`˄AG28ˆAG32ˆAG73ˆB20ˆB31˅-G_N
u_[IR%ůǶȜȶ&ʳȃ' 1500 µm2!ˇB133-G_Nu_
[IR
3) B160-G_Nu_[IR%ůǶȜȶ&ʳȃ' 2500 µm2
!ˆ74&qnZ`-G_Nu_[IR&ȜȶůǶƼŗ'Ʋɼ
Ǯńˇ74&Ƞƙ4ˆqnZ`-G_Nu_[IR'ˆqnZ`&Ȃ
ʺ%3 ǥ$6Ȝȶ¤ĮƼŗ:Ǽ"ǻɥ7ˇ 
 
 
 
 
Fig. 1-2.  Cell spreading activity of 26 biologically active peptide-conjugated chitosan matrices. 
Peptides (5 nmol/well) were coupled to the MB-chitosan matrices (3 ng/mm2) in 96-well. The HDFs (5 × 103 
cells/well) were allowed to attach to the peptide-chitosan matrices for 90 min and then stained with crystal violet. 
The graph is representative of at least three similar experiments, and ± SD are indicated. 
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1-3-4 qnZ`-G_Nu_[IR!&ȜȶůǶ%ħ6oh" 
   EDTA&ʤģɢ¯ 
 ƫ%ˆȜȶůǶƼŗ:Ǽ 26Ȃʺ&qnZ`-G_Nu_[IRȠî6
Ȝȶɐʳëĥ©:ǔĠ6ǲǮ! ȜˆȶůǶ%ħ6oh" EDTA&ʤģªǠ:
ɢ¯˄Fig. 1-3˅ˇ 7-!%ˆAG73-G_Nu_[IR'ohǺʙn
]DJE!6P^E: Ȝȶ%ůǶˆA99a-G_Nu_[IR

3) EF1zz-G_Nu_[IR' ?ˆ]J: Ȝȶ%ůǶ6"
Ĉó7 6ˇ-ˆAG73-G_Nu_[IRˆA99a-G_Nu_[IR
&ȜȶůǶ%ħ6oh" EDTA&ʤģªǠ% 1 ˆ7-!%Ɔ4%$
 6ˇAG73-G_Nu_[IR&ȜȶůǶ'ˆoh%3 ƍř%ʤģ
76ˆEDTA !'ʤģ7$ˇƁ!ˆA99a-G_Nu_[IR" EF1zz-
G_Nu_[IR&ȜȶůǶ%
 'ˆEDTA%3 ƍř%ʤģ7ˆoh
!'ʤģ7$ˇA206-G_Nu_[IRˆB20-G_Nu_[IRˆ
B31-G_Nu_[IR&ȜȶůǶ'ˆoh%3 ƍř%ʤģ7ˆAG73-
G_Nu_[IR"ðƤ&ʤģȠƙŏ47ˇ74&Ƞƙ4ˆA206-G_
Nu_[IR Bˆ20-G_Nu_[IR Bˆ31-G_Nu_[IR'oh
®ĜǮ$ȜȶůǶ:ƍ oˆhǺʙn]DJE!6P^E:ɥɭ
6"Ǽø7ˇ20 Ȃʺ&qnZ`-G_Nu_[IR&ȜȶůǶ'ˆo
h" EDTA&Ɓ!ʤģ7ˇ&0ˆ20Ȃʺ&qnZ`-G_Nu_
[IR'ˆP^E"?]J&Ɓ:ɥɭ6"Ǽø7ˇ74&
Ƞƙ4ˆqnZ`-G_Nu_[IR'ˆqnZ`&Ȃʺ%3 ǥ$6Ȝȶ
ɐʳëĥ©%Ƞî6"Ǽø7ˇ 
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Fig. 1-3.  Effect of heparin and EDTA on cell attachment to peptide-conjugated chitosan matrices. 
Peptides (5 nmol/well) were coupled to the MB-chitosan matrices (3 ng/mm2) in 96-well plates. HDFs were 
allowed to attach to the peptide-chitosan matrices in the presence of 5 mM EDTA, or presence of 10 µg/mL 
heparin. EDTA or heparin was added to the cell suspension and then the cells were plated. After a 1 h incubation, 
the attached cells were assessed by crystal violet staining. The graph is representative of at least three similar 
experiments, and ± SD are indicated. *P < 0.001 (Student’s t-test) against control. 
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1-3-5 qnZ`-G_Nu_[IR!&ȜȶˁƟƛɅ 
 Ȝȶ'?]J: F`"Ƞî6"%35 ȜˆȶÅ&ɓŢX
hIɳ&ʙà±ʉˆȜȶŇś%ĎàǞ6ˇ!ˆqnZ`-G_N
u_[IR%ůǶȜȶ&=IZR_Rl<?g&ŇŞ"jG{
&ʬȃ:ÀǧƛɅƹ%3 ɛĦ˄ Fig. 1-4˅ˇ A99a-G_Nu_[IR&
Ȝȶ!' =ˆIZR_Rl<?g&ŇŞ"jG{&ʬȃ:£ůǶŽ
ǻɥ7 Cˇ16-G_Nu_[IR&Ȝȶ!'ˆ=IZR_Rl<?g
&ŇŞ'ńˆjG{&ʬȃ1ń Bˇ31-G_Nu_[IR&Ȝȶ
!'ˆ=IZȜȶôþ%ʬȃˆlJȿ:ŇŞ ˇ74&Ƞƙ
4ˆqnZ`-G_Nu_[IR'qnZ`&Ȃʺ%3 ȜȶŕȌǥ$5ˆ
Ȝȶɐʳëĥ©ǔǥǮ$ǞǓƼŗ:ƍ6"Ǽø7ˇ 
 
 
 
 
Fig. 1-4.  Localization of actin and vinculin in HDFs on the A99a-, C16-, and B31-chitosan matrices. 
Cells were incubated for 2 h on the A99a-, C16-, and B31-chitosan matrices, fixed, and then stained with 
phalloidin, anti-vinculin antibody, and DAPI for actin filaments (green), nucleus (blue), and focal contacts (red). 
On A99a-chitosan matrix, cells organized typical stress fibers, which were anchored to well-developed focal 
contacts. Whereas on C16-chitosan matrix, cells expressed many but small vinculin-positive spots within the 
filopodia. These vinculin-positive spots terminated with very thin actin filaments. Scale bar = 50 µm. 
 
 
 
  
  17 
1-3-6 qnZ`-G_Nu_[IR!& FAKʙà&ɢ¯ 
 FAK& NƐȈ4 397Ǥǲ& Tyr˄Tyr397˅&ʙà'ˆF`4=IZ
ˁƟ-!&ȜȶÅPJa¢ʍ%ʣ 6ˇƫ%ˆ26 Ȃʺ&qnZ`-G_N
u_[IR%ůǶȜȶ& Tyr397-FAK ʙà:ɢ¯˄Fig. 1-5˅ˇ &
Ƞƙˆ9Ȃʺ&qnZ`˄A99aˆA206ˆAG10ˆAG32ˆAG103ˆEF1zzˆB133ˆC16ˆ
C68˅-G_Nu_[IR!'ˆTyr397-FAK ʙà:ƍř%±ʉ6"ǻ
ɥ7ˇ$!1ˆEDTA %3 ȜȶůǶƍř%ʤģ76 A99a-G_Nu
_[IRˆEF1zz-G_Nu_[IR!'ˆTyr397-FAK ʙà:Ɉ±ʉ
 EˇDTA"oh&Ɓ!ȜȶůǶƍř%ʤģ76qnZ`-G_Nu
_[IR%
 1ˆTyr397-FAK ʙà:±ʉˇƁ!ˆoh%3
 ȜȶůǶƍř%ʤģ76 AG73-G_Nu_[IR Bˆ20-G_Nu_
[IRˆB31-G_Nu_[IR!'ˆTyr397-FAK ʙ:,";#±ʉ$
ˇ74&Ƞƙ4ˆqnZ`-G_Nu_[IR%
6?]J:
ȜȶůǶ'ˆTyr397-FAK ʙà:Ɉ±ʉˆP^E:Ȝȶ
ůǶ'ˆTyr397-FAKʙà:,";#±ʉ$"Ǽø7ˇ 
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Fig. 1-5.  FAK Tyr397 phosphorylation on the peptide-conjugated chitosan matrices. 
(A) FAK Tyr397 phosphorylation and FAK of HDFs on cell adhesive peptide-chitosan matrices were tested. The 
HDFs were incubated on the various peptide (5 nmol/well)-chitosan matrices for 90 min, then were lysed by 
addition of 50 µL of SDS sample buffer, and assessed by Western blotting. (B) Quantification of FAK Tyr397 
phosphorylation and FAK. The data are expressed representative of at least three similar experiments, and ± SD 
are indicated. *P < 0.01 (Student’s t-test) against chitosan matrix. FN: fibronectin 
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1-3-7 qnZ`-G_Nu_[IR!&Ǿȟȅɶ¤ʠ±ʉƼŗ&ɢ¯ 
 ƫ%ˆPC12 Ȝȶ:Ǡ 60 Ȃʺ&qnZ`-G_Nu_[IR!&Ǿȟȅ
ɶ¤ʠ±ʉƼŗ:ɢ¯˄Fig. 1-6˅ˇ &Ƞƙˆ14 Ȃʺ&qnZ`˄A13ˆA25ˆ
A99aˆA112ˆA194ˆA206ˆAG32ˆAG73ˆAG103ˆB20ˆB31ˆC16ˆC57ˆC64˅-
G_Nu_[IR!'ˆǾȟȅɶ¤ʠ±ʉƼŗ:Ǽ"ǻɥ7ˇEF1zz-
G_Nu_[IR!'ˆǾȟȅɶ¤ʠ±ʉƼŗ'.47$ Aˇ25-G_N
u_[IRˆA112-G_Nu_[IRˆA194-G_Nu_[IR!'ˆǾȟ
ȅɶ¤ʠ±ʉƼŗ:Ǽ ȜˆȶůǶƼŗ'ɥ047$ ˇ74&Ƞƙ4ˆ
qnZ`-G_Nu_[IR'ˆȜȶ&Ȃʺ
3)qnZ`&Ȃʺ%3 ǞǓ
Ƽŗǥ$6"Ǽø7ˇ 
 
 
 
 
Fig. 1-6.  Neurite outgrowth on the peptide-conjugated chitosan matrices. 
Peptides (10 nmol/well) were conjugated to chitosan matrices (30 ng/mm2) in 96-well plates. After a 24 h 
incubation, attached and extended cells were assessed by crystal violet staining. A25, A112, and A194 only 
exhibited PC12 cell neurite outgrowth activity. Scale bar = 100 µm. The graph is representative of at least three 
similar experiments, and ± SD are indicated. *P < 0.001 (Student’s t-test) against chitosan matrix. 
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1-3-8 ǀîqnZ`-G_Nu_[IR!&ǞǓƼŗ 
 ȜȶůǶƼŗˆȠî6Ȝȶɐʳëĥ©&ȂʺˆǾȟȅɶ¤ʠ±ʉƼŗ&Ƞƙ4
29Ȃʺ&vb-111ǢƕǞǓƼŗqnZ`: 6&Jn%Îʺ˄ Table 1-2˅ˇ
íJn&!ŅƼŗ:ǼˆA99a˄Jn 1˅ˆ EF1zz˄Jn 2˅ˆ C16
˄Jn 3˅ˆ C68˄Jn 4˅ˆ B31˄Jn 5˅& 5Ȃʺ&qnZ`:Ȟ.î
9ǀîqnZ`-G_Nu_[IR:ªɔˆ&ȜȶůǶƼŗ
3)Ȝȶ
¤ĮƼŗ:ɢ¯˄Fig. 1-7˅ˇ ǀîqnZ`-G_Nu_[IR!'ˆµ&q
nZ`:ȠîqnZ`-G_Nu_[IR351ȜȶůǶƼŗ
3)Ȝȶ
¤ĮƼŗ:ƍř%ČŅˇ&"4ˆ5Ȃʺ&qnZ`:Ȟ.î96"
%3 ǞǓƼŗ:ČŅ6"Ǽø7ˇ 
 A99a˄Jn 1˅ˆ C16˄Jn 3˅ˆ B31˄Jn 5˅ˆ A112˄Jn 6˅&
4Ȃʺ&qnZ`:Ȟ.î9ǀîqnZ`-G_Nu_[IR:ªɔ Ǿˆȟ
ȅɶ¤ʠ±ʉƼŗ:ɢ¯˄Fig. 1-8˅ˇ ǀîqnZ`-G_Nu_[IR!'ˆ
µ&qnZ`:ȠîqnZ`-G_Nu_[IR351Ǿȟȅɶ¤ʠ±
ʉƼŗ:ČŅˇ-ˆ¤ʠǾȟȅɶ&Ňśǥ$ ˇµ&qnZ`
:ȠîqnZ`-G_Nu_[IR&Ǿȟȅɶ'ˆǸƊȥǮ!ˇ
&ƁˆǀîqnZ`-G_Nu_[IR"vb-111 &Ǿȟȅɶ'ˆ
ʠǳȥǮ!ˇ74&Ƞƙ4ˆǀîqnZ`-G_Nu_[IR!'
ǥ$6Ȝȶɐʳëĥ©&ǴªǠ%3 ǞǓƼŗ:ČŅ ˆvb-111%ʁ¥
ǞǓƼŗ:ƍ6"Ǽ7ˇ 
 
 
Table 1-2.  29 peptide-chitosan matrices could divide into six groups depend on their biological activities. 
 
 
 
a HDFs spreading was indicated as S: extended spreading morphology, s: intermediate spreading morphology, 
and r: round spreading morphology. 
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Fig. 1-7.  Cell attachment and spreading activity of mixed peptide-conjugated chitosan matrices. 
Five cell adhesive peptides, A99a (group 1), EF1zz (group 2), C16 (group 3), C68 (group 4), and B31 (group 5), 
were selected from each category and each peptide (5 nmol/well) was coupled to the MB-chitosan matrices (3 
ng/mm2) in 96-well plates. For “Mix” peptide-chitosan matrix, peptides (1 nmol/well) were mixed (totally 5 
nmol/well), five peptides were coupled to the MB-chitosan matrices. The HDFs (5 × 103 cells/well) were 
allowed to attach to the peptide-chitosan matrices for 1 h and then stained with crystal violet. The attached 
number of HDFs and spread cell area were assessed. (A) Scale bar = 50 µm. (B), (C) The graph is representative 
of at least three similar experiments, and ± SD are indicated. The dotted lines in graphs represent the average 
value of five cell adhesive peptides-chitosan matrix activities. Cell areas are measured using BZ-analyze 
software and an area of pixel means. *P < 0.01 (Student’s t-test) and **P < 0.001 (Student’s t-test) against mixed 
peptides-chitosan matrix. 
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Fig. 1-8.  PC12 neurite outgrowth activity of mixed peptide-conjugated chitosan matrices. 
Four PC12 neurite outgrowth-promoting peptides, A99a (group 1), C16 (group 3), B31 (group 5), and A112 
(group 6), were selected from each category and were coupled (10 nmol/well) to the MB-chitosan matrices (30 
ng/mm2) in 96-well plates. For “Mix” peptides-chitosan matrix, four peptides (2.5 nmol/well) were mixed 
(totally 10 nmol/well) and coupled to the MB-chitosan matrices. 0.1 mg/well of laminin-111 (LN-111) in 50 µL 
PBS was coated for 6 h at r.t. The PC12 cells (3 × 103 cells/well) were allowed to incubate on the 
peptide-chitosan matrices for 24 h and then stained with crystal violet. Scale bar = 100 µm. The relative 
percentage of PC12 cells with more than 12 µm length neurite outgrowth in one hundred cells was counted. The 
graph is representative of at least three similar experiments, and ± SD are indicated. The dotted lines in graphs 
represent the average value of four PC12 neurite outgrowth-active peptides-chitosan matrices. *P < 0.1 
(Student’s t-test) and **P < 0.05 (Student’s t-test) against mixed peptides-chitosan matrix. 
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ȉ 4ȏˈȱĦ 
 ćĿȿ'ˆȜȶČƯ2Îà:ÒŐ6ȜȶĐǜċüĚ" Ʃȷ 6ˇvb
-111:ɖŞÎ"6u_L'ˆɌȎÅǰȜȶ!&ȎȻŇŞˆùƾȽȜȶ!&
ȽşŇŞˆȳȜȶ&ƩȷȡŪ:±ʉ6"Ƿ47 6 44-47)ˇ&0ˆu_
L'ˆin vitroɢ¯
3) in vivoɢ¯%ļǠ47 6ˇʁĹ!'ˆu_L
'ȵŗĺȜȶ&Ćʿ%Ǡ47 lˆ>YȜȶ"&ÄĆʿɖ!6Ñǌ:ƍ
 6"4ˆȵŗĺȜȶ&Ćʿćɳ" ļÑǠ7 6 48-50)ˇˆ
u_L'u@RȲȼǢƕ!5ˆĞÃŗ%ŝŖ6"4ˆȞȪĲĝ&Îʜ
!'ĞÃŗ&˃g?Du]=&ʡǬƶ047 6ˇ 
 Ƒȇ!' ˆvb-111&îŞqnZ`:ǠȢȭǮɜƗ4ȜȶůǶƼŗĈ
ó7 6 60Ȃʺ&qnZ`:Ǡ ˆqnZ`-G_Nu_[IR:ªɔ
ˇ&ǞǓƼŗ:ɢ¯6"!vb-111&ÎĚɜÔ:ɍˇ&Ƞƙ 2ˆ6
Ȃʺ&qnZ`˄A3ˆA13ˆA55ˆA65ˆA99aˆA119ˆA167ˆA174ˆA206ˆAG10ˆ
AG28ˆAG32ˆAG56ˆAG73ˆAG103ˆEF1zzˆB20ˆB30ˆB31ˆB133ˆB160ˆC16ˆ
C57ˆC59ˆC64ˆC68˅-G_Nu_[IRȜȶůǶƼŗ:ǼˆȜȶŇś'q
nZ`&Ȃʺ%3 ǥ$ ˇ-ˆ14 Ȃʺ&qnZ`˄A13ˆA25ˆA99aˆ
A112ˆA194ˆA206ˆAG32ˆAG73ˆAG103ˆB20ˆB31ˆC16ˆC57ˆC64˅-G_N
u_[IRǾȟȅɶ¤ʠ±ʉƼŗ:Ǽˇ74&"'ˆqnZ`-G_N
u_[IR'qnZ`&Ȃʺ%3 ˆȜȶůǶƼŗˆȜȶ¤ĮƼŗˆǾȟȅɶ
¤ʠ±ʉƼŗǥ$6":Ǽ 6ˇƁ!ˆ&qnZ`-G_Nu
_[IR!'ˆ&qnZ`ƍ ȜȶůǶƼŗ:ĕ"ǻɥ7ˇ
7'=v?`Ƥȥȡ:ŇŞ6qnZ`"ðƤ%ˆqnZ`-G_Nu_[
IR!'qnZ`&ɃĳËʬĖ47 ȜˆȶůǶƼŗĕ97ìȷŗȱ	47
6 51)ˇ$%'ˆqnZ`:G_Nu_[IR%Ƞî6"ˆ&qnZ`
ǼǞǓƼŗ:4%±ʉ6"ǻɥ7 6ˇRGD ʗÐ:ƍ6 A99
˄AGTFALRGDNPQGˆmouse laminin α1 chain 1141-1153˅" A99a˄a modified peptide 
of A99ˆALRGDNˆmouse laminin α1 chain 1145-1150˅'ˆqnZ`:n_%M
_6Ɓƹ!'ˆǞǓƼŗ:±ʉ$"Ƿ47 6ˇˆA99 " A99a
:77G_Nu_[IR%Ƞî A99-G_Nu_[IRˆA99a-G
_Nu_[IR!'ˆȜȶůǶƼŗˆȜȶ¤ĮƼŗˆǾȟȅɶ¤ʠ±ʉƼŗ:Ǽ
"Ɔ4%$ 6 28)ˇ74&"4ˆqnZ`-G_Nu_[I
R!'qnZ`&ƣʈĎà ǞˆǓƼŗ:Ǽ=veʙʗÐʰÍ 6ìȷŗ
Ǽø7ˇ 
 7-!%ˆvbα1ʞ LG4yQ{Ǣƕ!P^E%Ƞî6 AG73"
ðvbα1ʞLG4yQ{Ǣƕ!?]Jα2β1%Ƞî6EF1zz:Ȟ
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.î9ǀîqnZ`-G_Nu_[IR!'ˆµ&qnZ`:Ƞî
qnZ`-G_Nu_[IR351ǞǓƼŗ:ƍř%ČŅˆȞű	vbα1
ʞ LG4 XhIɳ&Ʃȷ:Ʀ·!6"Ɔ4%$ 6 39)ˇP^E%
Ƞî6 AG73 "?]Jα2β1 %Ƞî6 EF1˄DYATLQLQEGRLHFMFDLGˆ
mouse laminin α1 chain 2747-2765˅:n_!ǀî6"ˆ77&qnZ
`ǼǞǓƼŗ:4%±ʉ6"1Ĉó7 6 52) ˇ&0 qˆnZ`:
ǀî6Ɓƹ'ˆvb&Ʃȷ:Ʀ·60&ƍǠ$Ɓƹ!6"ȱ	476ˇ
Ƒȇ!'ˆvb-111 ǢƕȜȶůǶqnZ`:ɕŻȞ.î9ǀîqnZ`-G
_Nu_[IR:ªɔˆvb-111 &ÆƣȐ:ǲūˇqnZ`-G_N
u_[IR%
6ȜȶůǶƼŗˆȜȶ¤ĮƼŗˆȠî6Ȝȶɐʳëĥ©ˆǾ
ȟȅɶ¤ʠ±ʉƼŗ&Ƞƙ4 29 Ȃʺ&vb-111 ǢƕǞǓƼŗqnZ`: 6 
&Jn%ÎʺˆǞǓĝǮ^XpR:ƣȐˇ&$& 5&Jn
4qnZ`: 1 ȂʺʒŦˆ5 Ȃʺ&qnZ`:Ȟ.î9ǀîqnZ`-
G_Nu_[IR:ªɔˆ&ǞǓƼŗ:ɢ¯ˇ&ȠƙˆǀîqnZ`
-G_Nu_[IR!'ˆµ&qnZ`:ȠîqnZ`-G_Nu_
[IR351ȜȶůǶƼŗˆȜȶ¤ĮƼŗ:ČŅ6"Ɔ4%$ˇƫ%ˆ
Ǿȟȅɶ¤ʠ±ʉƼŗ:Ǽ 4&Jn4qnZ`: 1ȂʺʒŦˆ4Ȃ
ʺ&qnZ`:Ȟ.î9ǀîqnZ`-G_Nu_[IR:ªɔˇ&
ǀîqnZ`-G_Nu_[IR%
 1ˆµ&qnZ`:Ƞîqn
Z`-G_Nu_[IR351Ǿȟȅɶ¤ʠ±ʉƼŗ:ČŅ6"Ɔ4%
$ˇ74&Ƞƙ4ˆ6&Jn%ÎʺǞǓƼŗqnZ`:ɕŻȞ.
î9 ȠîǀîqnZ`-G_Nu_[IR!'ˆµ&qnZ`:Ƞ
îqnZ`-G_Nu_[IR351ǞǓƼŗ:ƍř%ČŅˆvb
-111%ʁ¥ǞǓƼŗ:Ǽ"9ˇ 
 &Ƞƙ4 ˆvb-111ƍ6đƤ$Ʃȷ:µ&Ʃȷʖ¦"%ɜƗ
60%ˆqnZ`-G_Nu_[IR:Ǡ6"'ƍǠ$Ɓƹ!6"ȱ	
47ˇ-ˆǀîqnZ`-G_Nu_[IR!'ˆvb-111 &Ʃȷ:Ʀ
·!6"Ǽ7ˇ&0ˆǀîqnZ`-G_Nu_[IR'ˆECM
&Ʃȷ:Ʀ·g?Du]=" &ŕǠƎŌ!6ˇ 
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ȉ 2ȇ 
ǀîqnZ`-˃ÎĚđȗu_[IR:Ǡǥ$6NmX?n& 
?]JǴªǠ&ɜƗ 
 
ȉ 1ȏˈľɩ 
 ?]J'ˆȜȶĐu_[IR˄Extracellular matrix EˆCM˅:ƣŞ6M
Lˆl>mdIZˆvb%Ƞî6ɖ$Ȝȶɐʳëĥ©!6 21-23)ˇ
Ȝȶ?]J: ECM %Ƞî6"ˆȜȶÅPJa¢ʍ:±ʉ6
˄=@_N?`-?˅22)ˇ=@_N?`-?Ƥł&PJa¢ʍ'ˆƤ$Ȝȶŕ
Ȍ:ÒŐ 6ˇ?]J&F`Ƞîȷ'ˆȜȶÅ41M_:
ë 
5˄?N?`-=@_˅ˆ ?]J'F`%ħ6ɚ÷ŗ§Ǖ
ś˄ʲƼŗĄ˅4˃Ǖś˄ƼŗĄ˅*ŇśĎà6"1Ƿ47 6 21-23)ˇ
&0ˆ?]JȜȶɐʳëĥ©" Ʃȷ60%'ˆ=@_N?`-?
Ƥł"?N?`-=@_Ƥł&Ɓ&PJa¢ʍʛɖ!6ˇ=@_N?`-
?Ƥł"?N?`-=@_Ƥł&PJa¢ʍ'ˆǥ$6Ȝȶɐʳëĥ©&Ǵ
ªǠ2ǥ$6NmX?n&?]JǴªǠ!1±ʉ76"Ɔ4%$
 6 53)ˇ 
 ČƯüĚëĥ© GˆPI˄ glycosylphosphatidylinositol =˅EĄëĥ© Pˆ^Eˆ
ȜȶȿɱʆĄn]DJE$#&Ȝȶɐʳëĥ©' ?ˆ]J"äɨ Ȝ
ȶůǶ%Ŋʵ:	6"Ĉó7 6 54-56) ˇ&?]J"&&Ȝȶ
ɐʳëĥ©%36ǴªǠ' FAK˄focal adhesion kinase˅ˆ Srcl<vGaUˆ
PI3K˄Phosphatidylinositol 3-kinase˅ˆ AktˆRhoˆGTPase$#&ȜȶÅPJa%3
 ÒŐ:ë6"Ɔ4%$ 6 55-57)ˇƁ!ˆECM %Ƞî6?]J
&đÄʆ β1 ʞ:ò;!60ˆ?]Jðč&ǴªǠ:ɢ¯
6"' ?ˆ]J"&&Ȝȶɐʳëĥ©"&ǴªǠ:ɢ¯6"3
51ʮ 21, 58)ˇ?]Jβ1 ʞ'ˆǞ©%ƌ1đĜā 6?]J
Nm|b[_!5ˆȂ&αʞ"o]ʝ©:ŇŞ 6ˇ?]Jβ1
ʞ:ƪųu@Rȵ!'ˆȵǱȶŇŞưʨ!Ʉƭ6"Ĉó7 6 59)ˇ
&0 RˆNAi%36ʓ¢Ěe[IY@!' ?ˆ]Jβʞðč&ǴªǠ:
ɢ¯6"ýʮ!5ˆ?]JǴªǠ&xEbSw% 'ˆ-5
39 $ˇ 
 7-!%ˆECM ƣŞXhIɳ4?]JȠîʗÐđŻðĠ7 
6 60-62)ˇl>mdIZ4ɘÍ7 RGDʗÐ'ˆđ&ȜȶůǶŗXhI
ɳ%Äʆ6ƼŗʗÐ!5 RˆGDʗÐ:ƍ6qnZ`'?]Jαvβ31
'?]Jαvβ5%Ƞî6"Ɔ4%$ 6 63, 64)ˇ7-!%ʜƴ
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4' ˆvb&=veʙʗÐ:ȢȭPR]u]>[I$qnZ`RIb
J4 ?ˆ]Jα2β1"ǔǥǮ%Ƞî6ǞǓƼŗqnZ`:ðĠ 6 20)ˇ
ʁĹʜƴ4ʡǬ qnZ`-˃ÎĚđȗu_[IR'ˆqnZ`ǔǥǮ%
Ȝȶɐʳëĥ©%ȠîˆǞǓƼŗ:Ǽ"ǻɥ7 6 26-30, 65)ˇ&0ˆ
Ȝȶɐʳëĥ©ǔǥǮ$ȜȶůǶxEbSw:ɜƗ60%ˆqnZ`-˃ÎĚđ
ȗu_[IR:Ǡ6"'ƍǠ$Ɓƹ!6"ȱ	476ˇ-ˆǀîqnZ`
-˃ÎĚđȗu_[IR'ˆǥ$6Ȝȶɐʳëĥ©&ǴªǠ:ɜƗ60%ƍ
Ǡ$Ɓƹ!6"ȱ	47 6 26, 39)ˇ 
 Ƒȇ!'ˆǥ$6NmX?n&?]JǴªǠ%Ƕǲˇǥ$6NmX?
n&?]J%Ƞî6 ECMǢƕ& FIB1˄ YAVTGRGDSPAS hˆuman fibronectin 
1518-1529˅ˆ EF1zz˄ a modified peptide of EF1 AˆTLQLQEGRLHFXFDLGKGR Xˆ: Nleˆ
mouse laminin α1 chain 2749-2767˅ˆ 531˄ GEFYFDLRLKGDKY hˆuman collagen type  
531-544 &˅qnZ`: 28, 64, 66) 2ˆȂʺƤ$ǀîƲ!Ȟ.î9ǀîqnZ`
-˃ÎĚđȗu_[IR:ªɔˇǀîqnZ`-˃ÎĚđȗu_[IR&ǞǓ
Ƽŗ:ɢ¯6"!ˆǥ$6NmX?n&?]JǴªǠ&ɜƗ:ɍ  ˇ
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ȉ 2ȏˈġˀƒž
3)ġˀƁƹ 
2-2-1 ť© 
 [_yeIaťi_?]Jα6˄GoH3˅ť©'ˆSanta Cruz 
Biotechnologyǽ4ɴÂ uˇ@RyeIaťi_?]Jα1˄ FB12˅ˆ
α2˄P1E6˅ˆ α3˄P1B5˅ˆ α4˄P1H4˅ˆ β1˄6S6˅ˆ αvβ3˄CD51/61˅ť©ˆ
3)u
@RtIaťi_ IgG˄PP54˅'ˆEMD Milliporeǽ4ɴÂˇu@R
yeIaťi_?]Jβ1˄ TS2/16 ť˅© ťˆʙà Srcť©˄ Tyr416˅
' AMACǽ4ɴÂˇť Srcť©'ˆCell Signalingǽ4ɴÂˇ 
 
2-2-2 qnZ`îŞ 
 qnZ`îŞ'ˆȉ 1ȇ!ɠɽƁƹ%Ŏ ɍˇqnZ`& NƐȈ%'ˆ
MB-G_N
3)MB-=Hʙ"&Ƞî&0 CysƮć:Ü ˆ4%Rq
N" Gly: 2ƮćÜ CGG-qnZ`:îŞˇ 
 
2-2-3 ȜȶĆʿ 
 i_ƀǞÁǰȾȥȡɆȜȶ˄human dermal fibroblastsˆHDFs˅&Ćʿ'ˆȉ 1ȇ!
ɠɽƁƹ%Ŏ ɍˇ 
 
2-2-4 MB-G_N&ɨɔ 
 MB-G_N&ɨɔ'ˆȉ 1ȇ!ɠɽƁƹ%Ŏ ɍˇ 
 
2-2-5 MB-=Hʙ&ɨɔ 
 Sodium Alginate 80-120 cP˄100 mgˆ0.5 mmol of sugar unitˆWako˅: 0.1 M 
2-Morpholinoethanesulfonic acid mˆonohydrate˄ MES b˅uffer containing 0.3 M NaCl˄ 10 mL˅
!Ǉɜōˆ N-hydroxy succinimide˄ NHS ˅˄ 5.75 mgˆ 0.05 mmol˅"
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide˄ EDC˅˄ 19.1 mg 0ˆ.1 mmol˅:ǁÜˆ
15ÎʢŵŨˇƫ%ˆ1%BZQ=vƴǇƾ˄167 µLˆ0.025 mmol˅:ǁÜ
ˆpH 7-8! 24ƈʢŵŨ èŕˇèŕōˆ=Hʙ: 0.05 M NaClƴǇ
ƾ! 24ƈʢʅƗ˄3500 MWCO˅6"!ȖɔˆÊȠǑō%BZQ=v
&Ƞî=Hʙ&ÿ©:ŏ =ˇHʙ&ǞŞǓ˄ 90 mg 0ˆ.45 mmol :˅ 0.05% 
NaHCO3ƴǇƾ%ǇɜˆN-(m-maleimidobenzoyloxy) succinimide˄MBS˅˄ 7.2 mgˆ
0.0225 mmol˅/dimethyl sulfoxide˄DMSO˅˄ 1 mL˅Ǉƾ:ǁÜˆʑ¿ ĢǄ! 24
ƈʢŵŨ =ˇHʙ&ǞŞǓ:0.05 M NaClƴǇƾ!24ƈʢʅƗ˄ 3500 MWCO˅
6"!ȖɔˆÊȠǑō%MB-=Hʙ&ÿ©:ŏˇ 
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2-2-6 qnZ`-G_Nu_[IR&ɨɔ 
 qnZ`-G_Nu_[IR&ɨɔ' ȉˆ 1ȇ!ɠɽƁƹ%Ŏ ɍˇ
$
ˆqnZ`ʝ' 0.049-50 nmol/well˄1.47 pmol/mm2-1.50 nmol/mm2˅ˆ G_Nʝ
' 30 ng/mm2"ˇ 
 
2-2-7 qnZ`-=Hʙu_[IR&ɨɔ 
 MB-=Hʙ: 0.1 M MES buffer containing 0.3 M NaCl˄1 mL˅%ǇɜˆNHS
˄1.725 mg 0ˆ.015 mmol˅" EDC˄ 19.1 mg 0ˆ.1 mmol˅:Ü	 1ˆ5ÎʢŵŨ 1ˇ%
BZQ=vƴǇƾ˄ 50 µL 0ˆ.0075 mmol :˅Ü	 ɷˆȚƴ!Ĵʚō 9ˆ6-well
n_%Ü	 2ƄʢĢǄ!ǑˇPBS˄100 µL˅! 2ûƻƽˆqnZ`
Ǉƾ˄50 µL˅"Ȋʝ& 1% NaHCO3ƴǇƾ˄50 µL˅:Ü	ˆĢǄ!ʑ¿ 2ƈʢ
?G{pP}6"%35ˆqnZ`-=Hʙu_[IR:ªɔˇ
qnZ`ʝ' 0.049-50 nmol/well˄1.47 pmol/mm2-1.50 nmol/mm2˅ˆ =Hʙʝ' 30 
ng/mm2"ˇ 
 
2-2-8 ȜȶůǶƼŗ&ɢ¯ 
 ȜȶůǶƼŗ&ɢ¯'ˆȉ 1 ȇ!ɠɽƁƹ%Ŏ ɍˇqnZ`-˃ÎĚ
đȗu_[IR:ªɔ 96-welln_&í well% Ȝˆȶŝǉƾ: 100 µLŴȂ
˄2 × 104 cells/well˅ˆ 37ˆ5% CO2Ɣ ! 90Îʢ?G{pP}ˇů
ǶȜȶ'¿ĝʹőʟ˄Olympus˅!ɛĦˆImageJVl_@A=%3 ȜȶŻ
:E@_ˇ&ĸă:ȜȶůǶƼŗ" ɢ¯ˇ 
 
2-2-9 ȜȶůǶ%ħ6ť?]Jť©&ʤģɢ¯ 
 Ȝȶŝǉƾ%íȂť?]Jť©: 10 µg/mL&Ǌŀ"$63%77ǁ
Üˆ37ˆ5% CO2Ɣ ! 1ƈʢÓÌǚˇqnZ`-˃ÎĚđȗu_[IR
:ªɔ 96-well n_&í well %ˆȜȶŝǉƾ: 100 µL ŴȂ˄5 × 103 
cells/well˅ˆ 37ˆ5% CO2Ɣ ! 1ƈʢ?G{pP}ˇ 
 
2-2-10 FAKʙà&ɢ¯
3) Srcʙà&ɢ¯ 
 FAKʙà&ɢ¯
3) Srcʙà&ɢ¯' ȉˆ 1ȇ!ɠɽƁƹ%Ŏ 
ɍ $ˇ
 Sˆrcʙà&ɢ¯!' ťˆ Srcť©
3)ťʙà Srcť©˄ Tyr416˅
:Ǡˇ 
 
2-2-11 ȜȶůǶ%ħ6PJa¢ʍ&ɢ¯ 
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 ȜȶůǶ%ħ6PJa¢ʍ&ɢ¯!'ˆEF1zz/531-=Hʙu_[IR:
ǠˇȜȶŝǉƾ% 1% DMSO 2ˆ0 µM 14-22 Amide myristoylated 1ˆ µM Gö 6976 5ˆ 
nM Wortmanninˆ5 µM LY294002ˆ100 nM 12-O-tetradecanoylphorbol-13-acetate˄TPA˅
&Ǌŀ"$63%77ǁÜˆ37ˆ5% CO2Ɣ ! 20ÎʢÓÌǚˇȜ
ȶŝǉƾ: 96-welln_&í well% 100 µLŴȂ˄2 × 104 cells/well˅ˆ 37 5ˆ% 
CO2Ɣ ! 1ƈʢ?G{pP} ůˇǶȜȶ'¿ĝʹőʟ˄ Olympus˅
!ɛĦ IˆmageJVl_@A=%3 ȜȶŻ:E@_ ˇ&ĸă:ȜȶůǶ
Ƽŗ" ɢ¯ 1ˇ4-22 Amide myristoylated Gˆö 6976 Wˆortmannin LˆY294002'ˆ
EMD Milliporeǽ4ɴÂˇTPA' Cell Signalingǽ4ɴÂˇ 
 
 
 
 
 
 
 
 
 
 
  
  32 
ȉ 3ȏˈġˀȠƙ 
2-3-1 qnZ`-G_Nu_[IR!&ȜȶůǶƼŗ&ɢ¯
3)Ȝȶ 
   Ňś&ɛĦ 
 ?]J&ǥ$6NmX?n"ǔǥǮ%Ƞî6 ECM ǢƕǞǓƼŗqnZ`
: 3 ȂʺîŞ˄Table 2-1˅ˇ 74 3 Ȃʺ&qnZ`:77G_Nu_
[IR%Ƞî qnZ`-G_Nu_[IR:ªɔˆȜȶůǶƼŗ:ɢ¯
˄Fig. 2-1A˅ˇ 531-G_Nu_[IR
3) EF1zz-G_Nu_[IR!
'ˆqnZ`Ǌŀ®ĜǮ%ŅȜȶůǶƼŗ:ǼˇFIB1-G_Nu_[IR
!1qnZ`Ǌŀ®ĜǮ%ȜȶůǶƼŗ:Ǽ ˆ&Ƽŗ' 531-G_Nu_
[IR EˆF1zz-G_Nu_[IR351ń ˇ74 3Ȃʺ&qnZ`-G_
Nu_[IR&Ã Ȝȶ¤ĮƼŗ:ƍ ðˆƤ&ȜȶŇś:Ǽ˄ Fig. 2-1B˅ˇ 
 
 
Table 2-1.  Peptide characteristics. 
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Fig. 2-1.  HDFs attachment activities on three integrin-binding peptide-conjugated chitosan matrices. 
(A) dose-dependent attachment activities and (B) morphological appearance of HDFs on the peptide-chitosan 
matrices. Three integrin binding peptides CGG-FIB1 (integrin αvβ3 binding), CGG-EF1zz (integrin α2β1 
binding), and CGG-531 (integrin α3β1 binding) were coupled at various concentrations to the MB-chitosan 
matrix in 96-well plates. HDFs (2 × 104 cells/well) were allowed to attach to the peptide-chitosan matrices for 90 
min and then stained with crystal violet. The attached cells in the central fields of the well were counted and 
calculated as cell number per 1 mm2. Each value represents the mean ± SD of triplicate experiments. The HDFs 
morphology was photographed from the HDFs on 15 nmol/well of each peptide. Triplicate experiments gave 
similar results. 
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2-3-2 qnZ`-G_Nu_[IR!&ȜȶůǶ%ħ6ť?]J 
   ť©&ʤģɢ¯ 
 ȜȶůǶƼŗ:ǼqnZ`-G_Nu_[IRȠî6?]JN
mX?n:ðĠ60% ȜˆȶůǶ%ħ6ť?]Jť©&ʤģªǠ:ɢ¯
˄ Fig. 2-2˅ˇFIB1-G_Nu_[IR&ȜȶůǶƼŗ' ťˆ?]Jαvβ3
ť©"ť?]Jβ1 ť©%3 ƍř%ʤģ7ˇ&0ˆFIB1-G_N
u_[IR'?]Jαvβ3
3)?]Jβ1: ȜȶůǶƼŗ:Ǽ
"ǻɥ7ˇ531-G_Nu_[IR&ȜȶůǶƼŗ'ˆť?]J
α3 ť©"ť?]Jβ1 ť©%3 ƍř%ʤģ70ˆ531-G_Nu
_[IR'?]Jα3β1 : ȜȶůǶƼŗ:Ǽ"ǻɥ7ˇ
EF1zz-G_Nu_[IR&ȜȶůǶƼŗ'ˆť?]Jα2 ť©"ť?
]Jβ1ť©%3 ƍř%ʤģ70 EˆF1zz-G_Nu_[IR'?
]Jα2β1 : ȜȶůǶƼŗ:Ǽ"ǻɥ7ˇ74&Ƞƙ4ˆ
FIB1-G_Nu_[IR 5ˆ31-G_Nu_[IR EˆF1zz-G_Nu_[I
R' ˆ77ǥ$6NmX?n&?]J: ȜȶůǶ:±ʉ6"
Ǽ7ˇ 
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Fig. 2-2.  Three integrin-binding peptide-conjugated chitosan matrices promote integrin-dependent 
HDFs attachment. 
Three distinct integrin-binding peptides were coupled to the MB-chitosan matrix in 96-well plates, respectively. 
HDFs (5 × 103 cells/well) were preincubated with 10 µg/mL of specific antibodies directed against integrin α1 
(FB12), α2 (P1E6), α3 (P1B5), α4 (P1H4), α6 (GoH3), β1 (6S6), and αvβ3 (CD51/61), and a negative control 
of mouse purified polyclonal IgG (PP54) was also tested. After a 1 h incubation, HDFs were allowed to attach to 
the peptide-chitosan matrices for 1 h and then stained with crystal violet. Relative cell attachment activities were 
calculated against the negative control of mouse IgG. Data are expressed as mean ± SD of triplicate results. *P < 
0.002 (Student’s t-test) against IgG. 
 
 
 
 
  
  36 
2-3-3 ǀîqnZ`-G_Nu_[IR!&ȜȶůǶƼŗ&ɢ¯ 
 ǥ$6NmX?n&?]J%Ƞî6 FIB1ˆEF1zzˆ531: 2ȂʺƤ
$ǀîƲ!Ȟ.î9 ˄9:1ˆ4:1ˆ1:1ˆ1:4ˆ1:9ˆîɞ 10 nmol/well˅ˆ ǀîqnZ
`-G_Nu_[IR:ªɔˇǀîqnZ`-G_Nu_[IR&Ȝȶ
ůǶƼŗ4ˆǥ$6NmX?n&?]JǴªǠ:ɢ¯˄Fig. 2-3˅ˇ
FIB1/EF1zz˄ ?]Jαvβ3/?]Jα2β1 -˅G_Nu_[IR FˆIB1/531
˄?]Jαvβ3/?]Jα3β1 -˅G_Nu_[IR!'ˆ#&qnZ`
ǀîƲ!1ðƤ&ȜȶůǶƼŗ:ǼˇƁ!ˆEF1zz/531˄?]Jα2β1/?
]Jα3β1 -˅G_Nu_[IR&ȜȶůǶƼŗ' FˆIB1/EF1zz FˆIB1/531
"'ǥ$6Ƞƙŏ47ˇEF1zz/531˄ 1:4 1ˆ:9 -˅G_Nu_[IR!'ˆȜȶ
ůǶƼŗƍř%ŤÒ7ˇ74&Ƞƙ4ˆEF1zz/531-G_Nu_[IR
!'ˆǔĠ&qnZ`ǀîƲ!?]Jα2β1"?]Jα3β1&ǴªǠ
Ǟ6"%3 ˆȜȶůǶƼŗ:ŤÒ6"Ǽø7ˇ 
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Fig. 2-3.  HDFs attachment activity on dipeptide-conjugated chitosan matrices. 
Three different integrin-binding peptides were mixed in various molar ratios (10:0, 9:1, 4:1, 1:1, 1:4, 1:9, and 
0:10) and a total of 10 nmol/well peptides were coupled to the MB-chitosan matrices. HDFs (2 × 104 cells/well) 
were incubated in the coated wells for 90 min and then stained with crystal violet. Data are expressed as mean ± 
SD of triplicate results. *P < 0.01 against both neighbors. 
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2-3-4 EF1zz/531-G_Nu_[IR
3) EF1zz/531-=Hʙu_ 
   [IR!&Ȝȶ¤ĮƼŗ&ɢ¯ 
 qnZ`:Ƥ$ǀîƲ!Ȟ.î9 EF1zz/531-G_Nu_[IR
3)
EF1zz/531-=Hʙu_[IR:ªɔˆ77&Ȝȶ¤ĮƼŗ:ɢ¯
˄Fig. 2-4˅ˇ EF1zz/531˄4:1ˆ1:1˅-G_Nu_[IR!'ˆEF1zz-G_Nu_
[IRˆ531-G_Nu_[IR"ðȁŀ&Ȝȶ¤ĮƼŗ:ǼˇƁ!ˆ
EF1zz/531˄1:4˅-G_Nu_[IR!'ˆEF1zz-G_Nu_[IRˆ531-G
_Nu_[IR351Ȝȶ¤ĮƼŗ'ń EˇF1zz-=Hʙu_[IR

3) 531-=Hʙu_[IR!'ˆíqnZ`-G_Nu_[IR351
ȜȶůǶƼŗŅˆȜȶ¤ĮƼŗ1Ņ"ǻɥ7ˇEF1zz/531˄1:4˅-=
Hʙu_[IR!'ˆEF1zz/531˄1:4 -˅G_Nu_[IR"ðƤ%Ȝȶ¤Į
Ƽŗ:ŤÒ6"ǻɥ7ˇƫ%ˆůǶȜȶ&ʳȃ:ǅĠ"8ˆ
EF1zz/531˄ 1:4 -˅G_Nu_[IR
3) EF1zz/531˄ 1:4 -˅=Hʙu_[
IR!'ˆ&qnZ`ǀîƲ351ȜȶʳȃĪ"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Fig. 2-4.  Specific suppression of HDFs attachment on both EF1zz/531-conjugated chitosan and alginate 
matrices. 
(A) EF1zz and 531 were mixed in various ratios (10:0, 4:1, 1:1, 1:4, and 0:10) and coupled to the MB-chitosan 
or to the MB-alginate matrices, respectively. HDFs (2 × 104 cells/well) were allowed to attach to the mixed 
EF1zz/531-conjugated chitosan or alginate matrices for 90 min and photographed. (B) The area of attached 
HDFs was measured using ImageJ software. 20 HDFs were randomly counted. Data are expressed as mean ± SD. 
*P < 0.01 against EF1zz:531 = 1:4. 
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Fig. 2-5.  Phosphorylation of FAK and Src on EF1zz/531-chitosan matrices. 
(A) FAK Tyr397 phosphorylation and FAK, and (B) Src Tyr416 phosphorylation and Src of HDFs on 
EF1zz/531-chitosan matrices were analyzed by immunoblotting. The HDFs (50 µL, 2 × 104 cells/well) were 
incubated on the matrices containing various ratios of EF1zz/531 (10:0, 4:1, 1:1, 1:4, and 0:10) for 90 min, were 
lysed by 50 µL of SDS sample buffer, and assessed by western blotting.  
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Fig. 2-6.  Crosstalk of integrin α2β1 and integrin α3β1 suppresses HDFs attachment via PI3K via 
reduction of integrin activation. 
EF1zz and 531 were mixed (10:0, 4:1, 1:1, 1:4, and 0:10) and coupled to the MB-alginate matrices. HDFs were 
pretreated with various compounds: 1% DMSO; 1 µM of Gö 6976, a PKC inhibitor; 20 µM of 14-22 Amide 
myristoylated, a PKA inhibitor; 5 nM of Wortmannin, 5 µM of LY294002, a PI3K inhibitor; 100 nM of TPA and 
10 µg/mL of TS2/16, a β1 integrin activate functional antibody, respectively. After a 20 min incubation, HDFs 
were allowed to attach to the peptide-alginate matrices for 90 min and then stained with crystal violet. The 
attached cells in the central fields of the well were counted and calculated as cell number per 1 mm2. Each value 
represents the mean ± SD of triplicate experiments. *P < 0.1 against both neighbors. 
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Fig. 2-7.  HDFs attachment activity on the total amount of EF1zz/531-conjugated polysaccharide 
matrices. 
The mixture ratio of EF1zz/531 were examined at 10:0, 9:1, 4:1, 1:1, 1:4, 1:9, and 0:10. The 2.5 nM, 5 nM, or 10 
nM total amount of EF1zz/531 mixture for conjugation of the peptide on the polysaccharide matrices. HDFs (2 × 
104 cells/well) were incubated in the coated wells for 90 min and then stained with crystal violet. Triplicate 
experiments gave similar results. 
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Fig. 2-8.  Schematic drawing of HDFs attachment suppression mechanisms on the EF1zz/531 
(1:4)-conjugated polysaccharide matrices.  
HDFs attachment to the both peptide-conjugated chitosan and alginate matrices promotes integrin activation 
through the FAK phosphorylation. But at EF1zz/531 (1:4), integrin activation may not be smoothly activated, 
because of insufficient phosphorylation of FAK. PI3K signaling pathway may be block the inside-out signaling 
to activate a non-active integrin, whereas PKA signaling pathway promotes the integrin activation. 
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P}%36ȩîèŕ!'ˆʌØ$
ƼŗàÕ:Ŕɖ" ºˆʞǍ³ɮ!1˃éǘ!èŕ:ʉɍ6"!6 88) =ˇ
^i`´ʾ7qnZ`" NƐȈ% CysƮć:ÜqnZ`!' pˆH4-5Ɣ
  50 
 !èŕʉɍˆĞĠ$Z=WQǜ:ŇŞ6"ìȷ!6 89)ˇ-ˆ
=^i`´ʾ2K_´ʾ7qnZ`!' =ˆveć"Esbć&èŕ!ˆ
i`W DˆGPw:ŇŞ6"ìȷ!6 88, 90, 91) ĞˇĠ$Z=WQǜ&
ŇŞ'ˆʠʞ&qnZ`2XhIɳ:îŞ60%ʛɖ!6ˇ 
 qnZ`-˃ÎĚđȗu_[IR:ţƇ60%'ˆ35Ȓ°%ªɔ6
"!6˃ÎĚđȗu_[IR&ʡǬƶ047 6ˇ!ˆƑȇ!'q
nZ`"˃ÎĚđȗ:Ŏƕ&Ɓƹ351Ȓ°%Ƞî6"! ƀˆə&ɸĉn
[_lCw"$5ŏ6˃ÎĚđȗu_[IR&Úɔ:ǲūˇqnZ`'ˆ
?]J"ǔǥǮ%Ƞî6vbα1ʞǢƕ& A99a˄ a modified peptide of A99ˆ
ALRGDN mˆouse laminin α1 chain 1145-1150 "˅ EF1XmR˄ RLQLQEGRLHFXFD mˆouse 
laminin α1 chain 2751-2763˅:Ǡˇ'0%ˆʌ~@țʙa_@w%3 =
Hʙa_@w& 1, 2-QDʖ¦:ʙàʡɒ =ˆHʙ=^i`:î
Şˇƫ%ˆqnZ`"=Hʙ=^i`:ȩîèŕ%3 Ƞîˆqn
Z`-=Hʙ:îŞˇ4%ˆqnZ`-=Hʙ"G_Nu_[IR
! PCM:ŇŞ6"! qˆnZ`-˃ÎĚđȗu_[IR:Ŏƕ&Ɓƹ351
Ȓ°%ªɔˆ&ǞǓƼŗ:ɢ¯ˇ-ˆqnZ`-PCM %
 ˆqnZ`
%ÜRqN&ʎ%36ǞǓƼŗ:ɢ¯ˇ 
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ȉ 2ȏˈġˀƒž
3)ġˀƁƹ 
3-2-1 ť© 
 u@RyeIaťi_?]Jα1˄FB12˅ˆ α2˄P1E6˅ˆ α3˄P1B5˅ˆ
αv˄P1B5˅ˆ β1˄6S6˅ˆ β3˄25E11˅ť©'ˆMillipore ǽ4ɴÂˇu@Rye
Ia IgG'Wakoǽ4ɴÂˇ 
 
3-2-2 qnZ`îŞ 
 qnZ`îŞ'ˆȉ 1ȇ!ɠɽƁƹ%ŎˆvbǢƕqnZ`:îŞ
˄Table 3-1˅ˇ íqnZ`& CƐȈ%'ˆĠʝ&0% TyrƮć:Üˇ-ˆ
íqnZ`& N ƐȈ%'ˆ=Hʙ=^i`"&Ƞî&0% Cys Ʈć:Ü
ˇ4%ˆRqN" Gly: 2ƮćÜ CGG˄Gly2˅-qnZ`:î
ŞˇA99a !'ˆRqN" ε-aminocaproic acid : 2 Ʈć˄εACA2˅ˆ
ε-aminocaproic acid: 4Ʈć˄εACA4˅ÜqnZ`1îŞˇ 
 
 
Table 3-1.  Laminin peptides. 
 
 
 
a For conjugation to aldehyde-alginate, a cysteine residue was added at the N-terminus and two glycine residues 
were used as a spacer between the cysteine and the peptide sequences. A tyrosine residue was added at the 
C-terminus for determination of peptide concentration. 
 
 
3-2-3 ȜȶĆʿ 
 i_ƀǞÁǰȾȥȡɆȜȶ˄human dermal fibroblastsˆHDFs˅
3)[_×Ⱥ˂
ɳIwɚ÷ŗȜȶȼ˄PC12 Ȝȶ˅&Ćʿ'ˆȉ 1 ȇ!ɠɽƁƹ%Ŏ ɍ
ˇ 
 
3-2-4 =Hʙ=^i`&ɨɔ 
 Sodium Alginate 80-120 cP˄50 mgˆ0.25 mmol of sugar unitˆMW 60,000ˆWako˅%
BXe˄1 mL˅:ǁÜˆɷȚƴ˄1 mL˅%Ǉɜʌ~@țʙa_@w˄85 
µmol Wˆako :˅ǁÜ ĢǄ! 6ƈʢŵŨ 6ˇƈʢō BˆZJM˄ 14.2 
µL 2ˆ55 nmol˅:ǁÜ èŕ:ȝ 3ˆƄʢʅƗ˄3500 MWCO˅6"!Ȗ
ɔˇȖɔōˆǇƾ:ÊȠǑ =Hʙ=^i`˄47 mg˅:ŏˇ=
Peptide Sequencea Chain (Residues) Calc. Mw ESI-MS (m/z)
A99a CGGALRGDNY Mouse Laminin α1 (1145-1150) 1024.4634 1024.4634
EF1XmR CGGRLQLQEGRLHFXFDY, X = Nle Mouse Laminin α1 (2751-2763) 2151.0922 2151.0901
A99T CGGDGNLARAPGQFTGY Mouse Laminin α1 (1141-1153, scrambled) 1682.7709 1682.7709
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Hʙ=^i`&=^i`ĠʝÎƗ'ˆAmpliteTM Colorimetric Aldehyde 
Quantitation Kit˄ AAT Bioquest :˅Ǡ ɍ =ˆ^i`ʝ' 0.82 mmol/g!ˇ 
 
3-2-5 qnZ`-=Hʙ&ɨɔ 
 =Hʙ=^i`˄ 80 µg :˅ 0.01M EDTA/0.2 Mʘʙa_@wȧɏƾ˄ pH 5.3ˆ
200 µL˅%ǇɜˆqnZ`Ǉƾ˄0.1% TFAƴǇƾˆ50 µL˅"ĢǄ! 2ƈʢèŕ
ˇ2ƈʢōˆ10 mM CysǇƾ˄0.1% TFAƴǇƾˆ50 µL˅:ǁÜˆĢǄ! 1ƈ
ʢèŕˆqnZ`-=Hʙ:ªɔˇ 
 
3-2-6 qnZ`-PCM&ɨɔ 
 Chitosan˄1 mgˆpurified powderˆMW ~15,000ˆWako˅: 4%ʘʙƴǇƾ˄5 mL˅
%Ǉɜˆ96-welln_&í well% 50 µLÜ	˄G_Nʝˈ30 ng/mm2˅ˇ Ģ
Ǆ! 24 ƈʢǑˆG_Nu_[IR:ªɔˇG_Nu_[I
R:ªɔ 96-welln_&í well% 1% NaHCO3ƴǇƾ˄100 µL˅:Ü	ˆ10
ÎʢĊćÌǚōˆPBS˄100 µL˅! 2 ûƻƽˇí well %qnZ`-=H
ʙǇƾ˄75 µLˆ0.133 mg/mL˅" 1% NaHCO3ƴǇƾ˄37.5 µL˅:Ü	ˆĢǄ! 15
Îʢèŕ6"!ˆqnZ`-PCM :ªɔˇªɔqnZ`-PCM ' PBS
˄100 µL˅! 2ûƻƽōˆɢ¯%«Ǡˇ 
 
3-2-7 ȜȶůǶƼŗ&ɢ¯ 
 ȜȶůǶƼŗ&ɢ¯'ˆȉ 1ȇ!ɠɽƁƹ%Ŏ ɍˇqnZ`-PCM:
ªɔ 96-welln_&íwell% Ȝˆȶŝǉƾ: 100 µLŴȂ˄ 2 × 104 cells/well˅ˆ
37ˆ5% CO2Ɣ ! 1ƈʢ?G{pP}ˇůǶȜȶ'¿ĝʹőʟ
˄Olympus˅!ɛĦˆImageJVl_@A=%3 ȜȶŻ:E@_ˇ&ĸ
ă:ȜȶůǶƼŗ" ɢ¯ˇ  
 
3-2-8 ȜȶůǶ%ħ6oh" EDTA&ʤģɢ¯ 
 ȜȶůǶ%ħ6oh" EDTA&ʤģɢ¯' ȉˆ 1ȇ!ɠɽƁƹ%Ŏ 
ɍˇoh 10 µg/mLˆEDTA 5 mM&Ìǚƈʢ' 20Î"ˇqnZ`-PCM
:ªɔ 96-well n_&í well %ˆȜȶŝǉƾ: 100 µL ŴȂ˄2 × 104 
cells/well˅ˆ 37ˆ5% CO2Ɣ ! 1ƈʢ?G{pP}ˇůǶȜȶ'
¿ĝʹőʟ˄Olympus˅!ɛĦˆImageJVl_@A=%3 ȜȶŻ:E@_
ˇ&ĸă:ȜȶůǶƼŗ" ɢ¯ˇ 
 
3-2-9 ȜȶůǶ%ħ6ť?]Jť©&ʤģɢ¯ 
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 ȜȶůǶ%ħ6ť?]Jť©&ʤģɢ¯' ȉˆ 2ȇ!ɠɽƁƹ%Ŏ
 ɍ qˇnZ`-PCM:ªɔ 96-welln_&í well% Ȝˆȶŝǉƾ: 100 
µLŴȂ˄1 × 104 cells/well˅ˆ 37ˆ5% CO2Ɣ ! 1ƈʢ?G{pP}
ˇůǶȜȶ'¿ĝʹőʟ˄Olympus˅!ɛĦˆImageJVl_@A=%3 
ȜȶŻ:E@_ˇ&ĸă:ȜȶůǶƼŗ" ɢ¯ˇ 
 
3-2-10 Àǧɋ¿ƛɅ 
 Àǧɋ¿ƛɅ'ˆȉ 1ȇ!ɠɽƁƹ%Ŏ ɍˇqnZ`-PCM:ªɔ
 8-wellZzgR?`˄Nalge Nunc˅&í well%ˆȜȶŝǉƾ: 100 µLŴȂ
˄8 × 103 cells/well˅ˆ 37ˆ5% CO2Ɣ ! 2ƈʢ?G{pP}ˇ 
 
3-2-11 Ǿȟȅɶ¤ʠ±ʉƼŗ&ɢ¯ 
 Ǿȟȅɶ¤ʠ±ʉƼŗ&ɢ¯'ˆȉ 1ȇ!ɠɽƁƹ%Ŏ ɍˇqnZ`
-PCM:ªɔ 96-welln_&í well%ˆȜȶŝǉƾ: 100 µLŴȂ˄5 × 103 
cells/well˅ˆ 37ˆ5% CO2Ɣ ! 24 ƈʢ?G{pP}ˇůǶȜȶ
'¿ĝʹőʟ˄Olympus˅!ɛĦˆImageJVl_@A=%3 Ǿȟȅɶ&ʠ:
ɞǅˇǾȟȅɶ¤ʠ±ʉƼŗ'ˆȜȶ©&¶&Ǿȟȅɶ:ƍ6Ȝȶ&Ù
î˄%˅:ȍÍ6"!ɢ¯ˇ 
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3-3-1 qnZ`-=Hʙ&îŞ 
 ʌ~@țʙa_@w%3 =Hʙa_@w& 1, 2-QDʖ¦:ʙà
ʡɒˆ=Hʙ=^i`:îŞ˄Scheme 3-1˅ˇ qnZ`'ˆvb
α1ʞǢƕ& A99a" EF1XmR:ǠˇîŞqnZ`& NƐȈ%'ˆȩîèŕ
Ǡ% CysˆRqN" Gly: 2ƮćÜ˄CGG˅ˇ -ˆqnZ`& CƐ
Ȉ%'Ġʝ&0 Tyr:Üˇƫ%ˆCys-qnZ`"=Hʙ=^i`:ȩ
îèŕ%3 ȠîˆqnZ`-=Hʙ:îŞˇƏèŕ&=^i`ć
'ˆCys:Ǡ IBZˇ 
 
 
 
 
Scheme 3-1.  Synthetic scheme of peptide-alginate. 
Sodium alginate was oxidized by NaIO4 resulting in aldehyde-alginate. A Cys-peptide was coupled to the 
aldehyde-alginate with thiazolidine formation, and excess aldehyde groups were quenched with cysteine. 
  
  55 
3-3-2 qnZ`-PCM!&ȜȶůǶƼŗ&ɢ¯ 
 G_Nu_[IR:ªɔ 96-welln_&í well% qˆnZ`-=H
ʙǇƾ:Ü	 ˆqnZ`-PCM :ªɔˇ ˆqnZ`-PCM &ȜȶůǶ
Ƽŗ:ɢ¯˄Fig. 3-1˅ˇ A99a-PCM " EF1XmR-PCM 'ˆqnZ`Ǌŀ®ĜǮ%
ŅȜȶůǶƼŗ:Ǽ˄Fig. 3-1A˅ˇ Ɓ!ˆA99 &ƼŗʗÐ:RIm
 A99T:Ƞî A99T-PCM!'ˆȜȶůǶƼŗ:Ǽ$ˇ74&Ƞƙ
4ˆqnZ`-PCM 'qnZ`ǔǥǮ$ǞǓƼŗ:ƍ6"Ǽ7ˇ
A99a-PCM" EF1XmR-PCM!'ˆȜȶ¤ĮƼŗ1ǻɥ7˄Fig. 3-1B˅ˆ 74'ƃ
Ĉ!Ǽ7qnZ`-˃ÎĚđȗu_[IR!&Ƞƙ"ðƤ! 26, 28, 30)ˇ 
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Fig. 3-1.  Cell attachment activity of peptide-PCMs. 
Laminin-derived peptides, A99a and EF1XmR, and A99T, an A99 scramble peptide, were used. Various amount 
of peptides were conjugated to the aldehyde-alginate, and the peptide-alginate solution (75 µL) was added to 
chitosan (10 µg/well) coated in 96-well plates. (A) HDFs (100 µL, 2 × 104 cells/well) were allowed to attach to 
the PCMs for 1 h, and the attached cells were stained with crystal violet. The attached cells in three 
randomly-selected fields were counted. The graph is representative of at least three similar experiments. Each 
value represents the mean ± SD. (B) Cell morphology on peptide-PCMs. HDFs (100 µL, 2 × 104 cells/well) were 
allowed to attach to the peptide-PCMs (amount of peptide 2 nmol/well) for 1 h, and the attached cells were 
stained with crystal violet, and then photographed. Scale bar = 100 µm. 
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3-3-3 qnZ`-PCM!&ȜȶůǶ%ħ6ohˆEDTAˆť?]J 
   ť©&ʤģɢ¯ 
 ȜȶůǶƼŗ:ǼqnZ`-PCM Ƞî6Ȝȶɐʳëĥ©:ǔĠ6ǲǮ!ˆ
ȜȶůǶ%ħ6oh EˆDTAˆť?]Jť©&ʤģªǠ:ɢ¯˄Fig. 
3-2˅ˇ A99a-PCM " EF1XmR-PCM &ȜȶůǶƼŗ'ˆEDTA %3 ƍř%ʤģ
7ˆoh!'ʤģ7$˄Fig. 3-2A˅ˇ 74&Ƞƙ4 Aˆ99a-PCM

3) EF1XmR-PCM'?]J: ȜȶůǶƼŗ:±ʉ6"Ǽø7
ˇƫ%ˆA99a-PCM
3) EF1XmR-PCM!&ȜȶůǶ%ħ6ť?]J
ť©&ʤģªǠ:ɢ¯ Aˇ99a-PCM!' ťˆ?]Jαvť©
3)ť?]
Jβ3ť©%3 ȜȶůǶƼŗƍř%ʤģ7˄Fig. 3-2B˅ˇ EF1XmR-PCM
!'ˆť?]Jα2ť©
3)ť?]Jβ1ť©%3 ȜȶůǶƼŗ
ƍř%ʤģ7˄Fig. 3-2C˅ˇ 74&Ƞƙ4ˆA99a-PCM '?]Jαvβ3
: EˆF1XmR-PCM'?]Jα2β1: ȜȶůǶ:±ʉ6"Ǽ
7ˇ 
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Fig. 3-2.  Effect of EDTA, heparin, and anti-integrin antibodies on cell attachment to an A99a-PCM and 
to a EF1XmR-PCM. 
The effect of EDTA, heparin, and anti-integrin antibodies on cell adhesion to both A99a-PCMs and 
EF1XmR-PCMs was examined. (A) HDFs were allowed to attach to the A99a-PCM and to the EF1XmR-PCM 
(amount of peptide 0.5 nmol/well) in the presence of either 5 mM EDTA or 10 µg/mL of heparin for 1 h, and the 
attached cells were stained with crystal violet. The attached cells were counted as described above. The effect of 
anti-integrin antibodies on (B) cell attachment to A99a-PCM (amount of peptide 0.125 nmol/well) and (C) to 
EF1XmR-PCM (amount of peptide 0.25 nmol/well) was evaluated. HDFs in suspension were pre-incubated 10 
µg/mL of the anti-integrin antibodies at r.t. for 20 min, added to the wells, and incubated for 1 h. The graph is 
representative of at least three similar experiments. Each value represents the mean ± SD. Triplicate experiment 
gave similar result. *P < 0.001 (Student’s t-test) against IgG. 
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3-3-4 A99a-PCM!&ȜȶůǶ%
6qnZ`RqN&Ŋʵ 
 A99a %ÜRqN&ʎ%36 A99a-PCM !&ȜȶůǶƼŗ:ɢ¯
˄Fig. 3-3˅ˇ RqN" Gly: 2Ʈć˄Gly2˅ˆ ε-aminocaproic acid: 2Ʈć
˄εACA2˅ˆ ε-aminocaproic acid: 4Ʈć˄εACA4˅Ü A99a:77îŞ
ˇ-ˆRqN:Ü$ A99a˄ no spacer˅1îŞˇíRqN
:Ü A99a-PCM' qˆnZ`Ǌŀ®ĜǮ%ȜȶůǶƼŗ:Ǽ RˇqN
:Ü$ A99a-PCM!' Gˆly2RqN:Ü A99a-PCM351Ȝȶ
ůǶƼŗ'ńˇƁ! εˆACA4RqN:Ü A99a-PCM'ˆ&Rq
N:Ü A99a-PCM 351ŅȜȶůǶƼŗ:Ǽˇ74&Ƞƙ4ˆ
RqN&ʠ2ǓǚǮŗɳ'ˆqnZ`-PCM &ȜȶůǶƼŗ%Ŋʵ:	6
"Ǽø7ˇ 
 
 
 
 
Fig. 3-3.  Effect of spacers between peptide and alginate on the biological activity of A99a-PCM. 
Various amount of A99a-PCMs with Gly2, εACA2, and εACA4, or without a spacer were examined for the cell 
attachment activity. HDFs (2 × 104 cells/well) were allowed to attach to the A99a-spacer-PCMs for 30 min, and 
then stained. The attached cells in three randomly-selected fields were counted. The graph is representative of at 
least three similar experiments. Each value represents the mean ± SD. 
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3-3-5 A99a-PCM!&ȜȶˁƟƛɅ 
 ƫ%ˆA99a-PCM%ůǶȜȶ&=IZR_Rl<?g&ŇŞ"jG
{&ʬȃ:ÀǧƛɅƹ%3 ɛĦ˄Fig. 3-4˅ˇ Gly2ˆεACA4RqN:
Ü A99a-PCM&Ȝȶ' =ˆIZR_Rl<?g:ŇŞ jˆG{
&ʬȃ:£ůǶŽǻɥ7˄Fig. 3-4a, b˅ˇ ˆRqN:Ü$
 A99a-PCM&Ȝȶ' =ˆIZ&ʬȃ'ǻɥ7 jˆG{&ʬȃ:
£ůǶŽ'ǻɥ7$˄Fig. 3-4c˅ˇ 74&Ƞƙ4ˆqnZ`%Ü
RqN&ʠ2ǓǚǮŗɳ'ˆqnZ`-PCM &ȜȶˁƟŇŞ%Ŋʵ:	6
"Ǽø7ˇ 
 
 
 
 
Fig. 3-4.  Immunostaining for both actin and vinculin in the cells on A99a-PCMs. 
The peptide solutions (50 µL of 40 µM), Cys-Gly2-A99a, Cys-εACA4-A99a, and Cys-A99a, were reacted with 
the aldehyde-alginate (20 µg/well). After quenching with cysteine, all of the A99a-alginate solution was added to 
chitosan-coated (30 µg/well) 8-well chamber slides. HDFs (8 × 103 cells/well) were allowed to attach to the 
peptides-PCMs for 2 h. HDFs were fixed and then stained with phalloidin, anti-vinculin, and DAPI for actin 
filament (green), focal contact (red), and nuclei (blue), respectively. Scale bar = 50 µm. 
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3-3-6 A99a-PCM!&Ǿȟȅɶ¤ʠ±ʉƼŗ&ɢ¯ 
 A99a-PCM !&Ǿȟȅɶ¤ʠ±ʉƼŗ:ɢ¯˄Fig. 3-5˅ˇ Gly2-'εACA4
RqN:Ü A99a-PCM' qˆnZ`Ǌŀ®ĜǮ%ŅǾȟȅɶ¤ʠ±ʉƼ
ŗ:Ǽˇ-ˆ&Ǿȟȅɶ¤ʠ±ʉƼŗ'ðȁŀ!ˇƁˆRqN
:Ü$ A99a-PCM'ˆǾȟȅɶ¤ʠ±ʉƼŗ'ńˇ74'ˆƃĈ
!Ǽ7 A99a-G_Nu_[IR!&Ƞƙ"ðƤ! 92)ˇ74&Ƞƙ
4ˆA99a-PCM!&Ǿȟȅɶ¤ʠ±ʉƼŗ'ˆȜȶůǶƼŗ2ȜȶˁƟŇŞ"ð
Ƥ%RqN&ǓǚǮŗɳ%Ŋʵ6"Ǽø7ˇ 
 
 
 
 
Fig. 3-5.  Neurite outgrowth activity on A99a-PCMs. 
Various amount of peptides were conjugated to the aldehyde-alginate, and the peptide-alginate solution (75 µL) 
was added to chitosan (10 µg/well) coated in 96-well plates. PC12 cells (5 × 103 cells/well) were added and 
incubated for 24 h. (A) The data are shown as a percentage of the extended cells on the A99a-spacer-PCMs, and 
are representative of at least three similar experiments. The cells that had neurites more than double the length of 
the cell body were defined as extended cells. Each value represents the mean ± SD. *P < 0.05 (Student’s t-test) 
against no spacer. (B) Cell morphology of A99a-spacer-PCMs (amount of peptides 10 nmol/well). Scale bar = 
100 µm. 
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ȉ 4ȏˈȱĦ 
 Ƒȇ!'ˆ'0%ʌ~@țʙa_@w%3 =Hʙa_@w& 1, 2-
QDʖ¦:ʙàʡɒˆ=Hʙ=^i`:îŞˇƫ%ˆqnZ`"
=Hʙ=^i`:ȩîèŕ%3 ȠîˆqnZ`-=Hʙ:îŞ
ˇȩîèŕ%36qnZ`-=Hʙ&îŞ'ˆèŕʇ2%ʉɍˆ˃ÎĚ
đȗ"qnZ`:Ƞî6ʩ%ļÑǠ7 6 88)ˇ4%ˆqnZ`-=H
ʙ"G_Nu_[IR! PCM:ŇŞ ĞˆĠ$qnZ`-˃ÎĚđȗu_[
IR:ªɔˇPCM '=Hʙ"G_N&ʱʯǮǴªǠ%3 țƅŇ
Ş76ˇ&Ɓƹ:Ǡ6"ˆqnZ`-˃ÎĚđȗu_[IR:Ȓ°%ªɔ
6"ìȷ!6ˇ-ˆǲǮ"6qnZ`-PCM &qnZ`ʝ'ˆ=Hʙ
=^i`" Cys-qnZ`&ǀîƲ%3 ĥƇ%ɨɔ6"ìȷ!6 Ƒˇȇ
%
 ˆqnZ`-PCM 'qnZ`ǔǥǮ%Ȝȶɐʳëĥ©%ȠîˆǞǓƼŗ:
Ǽ"Ɔ4%$ˇqnZ`-PCM 'ĞĠ!5ˆȜȶĆʿ&ćɳ" ǳ
ů«Ǡ6"!6Ñǌ:ƍ 6ˇ 
 ʁĹˆ=Hʙ=^i`:UZ!ƚƨf?`L'ˆg?Du]
=" ƍǠ!6"Ǽø7 6 93, 94) ˇ4% =ˆHʙ=^i`
"qnZ`:èŕˆP[lĊć&ŇŞ:£qnZ`-=Hʙu_[IR
'ˆȜȶ&ɸĉƒž" ƍǠ!6"Ǽø7 6 95)ˇˆ74&è
ŕ:ğÃ%ʉɍ6%'ʠƈʢ:ɖˆʔ½ ĞĠà6Ŕɖ6ˇ-ˆ
Lys :òƍ6qnZ`!'ʲǔǥǮ$èŕʉɍ6Ȋ&ɧʸ6ˇ&0ˆ
ȩîèŕ%3 qnZ`"=Hʙ:Ƞî6Ƒȇ&Ɓƹ' ƍˆǠ!6"ȱ
	476ˇ 
 4%ˆƑȇ!' Gly2˄Glyˈ3.67 Å/residue˅92)ˆεACA2˄εACAˈ8.70 Å/residue˅
92)ˆεACA4&RqN:Ü A99a :Ǡ ˆA99a-PCM !&ǞǓƼŗ:ɢ
¯ˇεACA4 RqN:Ü A99a-PCM !'ˆ&RqN:Ü
A99a-PCM351ŅȜȶůǶƼŗ:Ǽˇ&Ȝȶ'=IZR_Rl<?g
:ŇŞˆjG{&ʬȃ:£ůǶŽǻɥ7ˇ&0 εˆACA4Rq
N' A99a-PCMƍ6ǞǓƼŗ:4%±ʉ6	! ʐˆÏ$RqN!
6"Ǽø7 εˇACA4RqN:Ü A99a-PCM!' Ǿˆȟȅɶ¤ʠ
:ÞƙǮ%±ʉˇ7'ˆƃĈ!Ǽ7 A99a-G_Nu_[IR:Ǡ
Ƞƙ"ðƤ! 92)ˇ?]J%Ƞî6qnZ`-PCM!'ˆǦƴŗ!ʠ
RqN:Ü,&ǞǓƼŗ:4%±ʉ6"Ɔ4%$ˇ
74&Ƞƙ4ˆqnZ`-PCM %
6qnZ`"˃ÎĚđȗ"&ɹʭˆ?
]J"&ǴªǠ%ʛɖ!6"Ǽø7ˇ 
 Ƒȇ!ªɔ PCM 'ˆį%ʙŗ˃ÎĚđȗ!6=Hʙˆį%Ċćŗ
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˃ÎĚđȗ!6G_N&įƣʈ:ŇŞ 6ˇ7-!%ˆ=Hʙ'Ȝ
ȶůǶŗ$"Ĉó7 6 30) ˇ&0 qˆnZ`"Ȝȶɐʳëĥ©"&
ǴªǠ%
 ˆʙŗɐʳ'ʐǜċ!6"ȱ	476ˇˆ=Hʙ
:ƚƨ ǦƴŗL:ªɔ60%'ˆĻ1&R][nŔɖ"$6ˇƑȇ!
ǼqnZ`-PCM !'ˆǦƴŗu_[IR:ƚƨ%Ȓ°%ªɔ6"
ìȷ!5 ʙˆŗ˃ÎĚđȗ"Ċćŗ˃ÎĚđȗ&Ƥ$Ȟ.î9%ļƼǠ6
"!6 -ˇ qˆnZ`%Ü6RqN&Ȃʺ%3 qˆnZ`-PCM
&ǞǓƼŗ:ƌʐà6"ìȷ!6ˇ&"4ˆqnZ`-PCM 'Ȓ
°%ªɔ6"ìȷ!5 qˆnZ`ǔǥǮ%Ȝȶɐʳëĥ©%Ƞî Ƥ$
ǞǓƼŗ:Ǽ"Ɔ4%$ˇ&0ˆqnZ`-PCM 'ȞȪĲĝ%ŕǠ
ìȷ$ƀə&g?Du]=" ƎŌ!6ˇ 
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ȣũ 
 
 ʁĹ ɁˆúȀơ2ȞȪȀơ%96ƀ$ƸǪšư" ȞȪĲĝǮšƹƺǲ
7ˆ&ǹȄȖÛǮ%ɍ97 6ˇȞȪĲĝ%
6g?Du]=%'ˆȜ
ȶ&ɸĉ"$6ŹŪ©" &ǓǚĝǮƩȷ"Ȝȶ%¼6ǞǓĝǮƩȷŔ
ɖ"7 6 2, 3)ˇɉȿǕ&ȜȶĐu_[IR˄Extracellular matrixˆECM˅!
6ćĿȿ' ˆ&ƣŞŞÎƫ½Ȣǲƣʈ:ŇŞ6"!Ȝȶ&ŹŪ©" 
Ʃȷˆ-ǞöǙɯ%ɖ$ŋÙ:ƙȜȶĐǜċüĚ" Ʃȷ 6ˇ
&0ˆECM &Ʃȷ:Ʀ·g?Du]=&ʡǬʉ047 6ˇ7-
!% ʜˆƴ4ɍ vb&=veʙʗÐ:ȢȭPR]u]>[I$q
nZ`RIbJ' 11-15, 68, 69) ˆvbƍ6đƤ$Ʃȷ:µ&Ʃȷʖ¦
"%ɜƗ60%ʲķ%ʛɖ!6ˇ-ˆðĠ7ǞǓƼŗqnZ`' EˆCM
&ǞǓĝǮƩȷ:Ʀ·60&\" ȞˆȪĲĝ%
6g?Du]=
*&ŕǠƎŌ!6ˇʁĹʜƴ4'ˆvbǢƕ&ǞǓƼŗqnZ`:ɸĉƒž
!6G_N2=Hʙ$#&˃ÎĚđȗ%ȠîqnZ`-˃ÎĚđȗu
_[IR:ªɔˆECM &Ʃȷ:Ʀ·g?Du]=&Úɔ:ǲū 
 26, 30, 65)ˇˆvb-1114ðĠ7đŻ&ȜȶůǶqnZ`%
 ˆ
qnZ`-˃ÎĚđȗu_[IR%
6ǞǓƼŗ'ãÎ%Ɔ4%$ $ˇ
-ˆECM :ɥɭ6ɖ$Ȝȶɐʳëĥ©!5ˆđ&ǞöǙɯ%ʣ6?
]Jðč&ǴªǠ% 'ˆ,";#Ɔ4%$ $ˇ4%ˆq
nZ`-˃ÎĚđȗu_[IR:ţƇ60%'ˆ35Ȓ°%ªɔ6"
! ƀˆə&ɸĉn[_lCw"$5ŏ6˃ÎĚđȗu_[IR&ʡǬƶ
047 6ˇ 
 Ƒɩż!' ȞˆȪĲĝ%ŕǠìȷ$ćĿȿƩȷ:Ʀ·ƀəg?Du]=:
Úɔ6":ǲǮ%ˆ& 3ȇ%
 ǹȄ:ɍˇ 
 ȉ 1 ȇ!'ˆqnZ`-G_Nu_[IR:Ǡ vb-111 &ÎĚɜÔ:
ɍ ǞˆǓĝǮ^XpR:ƣȐ ˇ4% ˆvb-111&ÆƣȐ:ǲūˇ
vb-111 &îŞqnZ`:ǠȢȭǮɜƗ4ȜȶůǶƼŗĈó7 
6 60Ȃʺ&qnZ`:Ǡ ˆqnZ`-G_Nu_[IR:ªɔˇ&Ǟ
ǓƼŗ:ɢ¯6"!vb-111 &µ&Ʃȷʖ¦:ǔĠˇ&Ƞƙˆ26
Ȃʺ&qnZ`-G_Nu_[IRȜȶůǶƼŗ:Ǽˆ&ȜȶŇś'qn
Z`&Ȃʺ%3 ǥ$ ˇ-ˆ14 Ȃʺ&qnZ`-G_Nu_[IR
Ǿȟȅɶ¤ʠ±ʉƼŗ:Ǽˇ74&"4ˆqnZ`-G_Nu_[
IR'qnZ`&Ȃʺ%3 ˆȜȶůǶƼŗˆȜȶ¤ĮƼŗˆǾȟȅɶ¤ʠ±ʉƼ
ŗǥ$6":Ǽ 6ˇqnZ`-G_Nu_[IR%
6ȜȶůǶƼ
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ŗˆȜȶ¤ĮƼŗˆȠî6Ȝȶɐʳëĥ©ˆǾȟȅɶ¤ʠ±ʉƼŗ&Ƞƙ4ˆ29
Ȃʺ&vb-111ǢƕǞǓƼŗqnZ`: 6&Jn%Îʺ ǞˆǓĝǮ^
XpR:ƣȐˇƫ%ˆvb-111&ÆƣȐ:ǲǮ%ˆíJn&qnZ`
:ɕŻȞ.î9ǀîqnZ`-G_Nu_[IR:ªɔˆǞǓƼŗ:ɢ¯
ˇ&ȠƙˆǀîqnZ`-G_Nu_[IR'ˆµ&qnZ`:Ƞî
qnZ`-G_Nu_[IR351ǞǓƼŗ:ƍř%ČŅˆvb-111
%ʁ¥ǞǓƼŗ:Ǽ"9ˇ74&Ƞƙ4ˆqnZ`-G_N
u_[IR' ˆvb-111&đƤ$Ʃȷ:µ&Ʃȷʖ¦"%ɜƗ60&
ƍǠ$\"$6"Ǽ7 -ˇ ǀˆîqnZ`-G_Nu_[IR'ˆ
vb-111&Ʃȷ:Ʀ·!6"Ǽ7 gˆ?Du]=" &ŕǠƎ
Ō!6ˇ 
 ȉ 2ȇ!'ˆǥ$6NmX?n&?]JǴªǠ%Ƕǲˇǥ$6NmX
?n&?]J%Ƞî6 ECM Ǣƕ& FIB1ˆEF1zzˆ531 :îŞˇ74
&qnZ`: 2 ȂʺƤ$ǀîƲ!Ȟ.î9ǀîqnZ`-˃ÎĚđȗu_
[IR:ªɔˆ&ǞǓƼŗ:ɢ¯ˇ?]Jα2β1 %Ƞî6 EF1zz
"?]Jα3β1%Ƞî6 531:Ȟ.î9 EF1zz/531˄1:4˅-˃ÎĚđȗu
_[IR!'ˆȜȶůǶƼŗŤÒ7ˆ& FIB1/EF1zz-˃ÎĚđȗu_[I
R FˆIB1/531-˃ÎĚđȗu_[IR!'ˆ&Ǚɯ'ǻɥ7$ˇȜȶÅP
Ja¢ʍ:ɢ¯"8 ˆ&ȜȶůǶƼŗŤÒ&xEbSw%' FˆAKʙ
àˆPI3K PJa¢ʍˆPKA PJa¢ʍˆ?]Jβ1Ƽŗàʣ 6
"Ǽø7ˇ-ˆ?]Jβ1&Ƽŗà' PI3K PJa¢ʍ%3 ɰ
&ÒŐ:ë PˆKA%3 Ƭ&ÒŐ:ë6"Ǽø7 ˇ74&Ƞƙ4ˆ
ǀîqnZ`-˃ÎĚđȗu_[IR:Ǡ6"%3 ˆǥ$6NmX?n&
?]JǴªǠ:ɜƗ!6"Ɔ4%$ˇǀîqnZ`-˃ÎĚđ
ȗu_[IR:Ǡ6"%35ˆȜȶ?]J: ECM %Ƞî6
Ƥ$xEbSw:ɜƆ!6"Ǽø7ˇ 
 ȉ 3ȇ!' qˆnZ`"˃ÎĚđȗ:Ŏƕ&Ɓƹ351Ȓ°%Ƞî6"!
 ƀˆə&ɸĉn[_lCw"$5ŏ6˃ÎĚđȗu_[IR&Úɔ:ǲū
ˇqnZ`'vbα1 ʞǢƕ!?]Jαvβ3 %Ƞî6 A99a "?]J
α2β1%Ƞî6 EF1XmR:Ǡˇ'0%ˆʌ~@țʙa_@w%3 
=Hʙa_@w& 1, 2-QDʖ¦:ʙàʡɒ =ˆHʙ=^i`:
îŞˇƫ%ˆqnZ`"=Hʙ=^i`:ȩîèŕ%3 Ƞîˆq
nZ`-=Hʙ:îŞˇ4%ˆqnZ`-=Hʙ"G_Nu_[I
R!t?DMn[IRu_[IR˄PCM˅:ŇŞ6"!ˆĞĠ$q
nZ`-˃ÎĚđȗu_[IR:ªɔ qˇnZ`-PCM'qnZ`ǔǥǮ%Ȝȶ
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ɐʳëĥ©%ȠîˆǞǓƼŗ:Ǽ"ǻɥ7ˇqnZ`-PCM 'Ȓ°%ª
ɔ6"ìȷ!5 ȜˆȶĆʿ&ćɳ" ǳů«Ǡ6"!6Ñǌ:ƍ
 6ˇ4%ˆA99a-PCM%
 ˆqnZ`%ÜRqN&ʎ%3
6ǞǓƼŗ:ɢ¯ˇ&ȠƙˆǦƴŗ!ʠRqN:Ü,&Ǟ
ǓƼŗ:4%±ʉ6"Ɔ4%$ˇ&0ˆqnZ`-PCM %
6
qnZ`"˃ÎĚđȗ"&ɹʭ ?ˆ]J"&ǴªǠ%ʛɖ!6"Ǽ
ø7ˇ&"4ˆqnZ`-PCM 'Ȓ°%ªɔ6"ìȷ!5ˆq
nZ`ǔǥǮ%Ȝȶɐʳëĥ©%Ƞî Ƥ$ǞǓƼŗ:Ǽ"4 ȞˆȪĲĝ
%ŕǠìȷ$ƀə&g?Du]=" ƎŌ!6ˇ 
 Ƒɩż!'ˆqnZ`-˃ÎĚđȗu_[IR:Ǡ vb-111 &ÎĚɜÔ
:ɍˇqnZ`-˃ÎĚđȗu_[IR!ǼǞǓƼŗ&ʎ4ˆqnZ
`: 6&Jn%ÎʺˆǞǓĝǮ^XpR:ƣȐˇíJn&qn
Z`:ɕŻȞ.î9ǀîqnZ`-˃ÎĚđȗu_[IR!'ˆvb-111
&Ʃȷ:Ʀ·!6":Ǽˇ-ˆǀîqnZ`-˃ÎĚđȗu_[IR:
Ǡ6"! ǥˆ$6NmX?n&?]JǴªǠ:ɜƗ6"ìȷ!
ˇ4%ˆqnZ`"˃ÎĚđȗ:Ŏƕ&Ɓƹ351Ȓ°%ȠîqnZ`
-PCM:Úɔˆg?Du]=" &ƍǠŗ:Ɔ4%ˇqnZ`-˃ÎĚ
đȗu_[IR
3)qnZ`-PCM' EˆCMƣŞXhIɳƍ6đƤ$Ʃȷ
:µ&ʖ¦"%ɜƗ60&\" ƍǠ!6!'$ ćˆĿȿƩ
ȷ:Ʀ·g?Du]=" ȞȪĲĝ$#*&ŕǠƎŌ!6ˇ 
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ɫɿ 
 
 ƑǹȄ
3)Ƒɩż&ªŞ%5ˆȝėˆŐŜȑ$6ŐūĩˆŐʴŶ:ɲ5-
ƖɊǿĒĝ Ɋĝʖ ǨśǞàĝźĢ ʜƴćȯźŭ%ƿǝ$6ɫř:ɐ-ˇ 
 
 ƑǹȄ
3)Ƒɩż&ªŞ%5ˆđĒ$6ŐūĩˆŐÝɝ:ɲ5-ƖɊ
ǿĒĝ Ɋĝʖ ǨśǞàĝźĢ ïıĒ÷Éźŭˆ³¨Łēʕɪĵˆ$4)%ǒƠż
ňÝź%ɬ;!Śɫ&ř:ɐ-ˇ 
 
 ƑǹȄ
3)Ƒɩż&ªŞ%5ˆđĒ$6ŐäÛˆŐÝɝ:ɲ5-ƖɊ
ǿĒĝ Ɋĝʖ ǨśǞàĝźĢ ǐǆĝčˆƓēʕĝčˆʻǛĘĝčˆǃʀď
Ȯ´čˆĪǡÏĒæčˆĬáŉ´čˆĪƘƧ´čˆNational Institutes of Healthˆ
NCI˄ ȓĀ NIH ȓˆĀȆ;ǹȄŠ İ˅ǡʫæč $ˆ4)%ƖɊǿĒĝ Ɋĝʖ Ǩ
śǞàĝźĢ&ǯƤ%Śɫ&ř:ɐ-ˇ 
 
 qnZ`&ɳʝÎƗ:ɍ -ƖɊǿĒĝ ĔÎƗTX&ǯƤ
%ŚɫɄ-ˇ 
 
 Ƒɩż&ªŞ%5ˆ=R]RNZ]IeQƝł¡ǽ ɐêȦŋǽ
ʠ ǃʀ²ææč:'0ˆĞÃŗǹȄʖ&ǯƤˆɊǚǹȄʖ&ǯƤ%'ˆƤ$Ő
äÛˆŐŹŲ:ʶ-ˇǯƤ%Śɫ&ř:ɐ-ˇ 
 
 7-!&ǹȄƼß%
 ƖˆɊǿĒĝ Ɋĝʖ ǨśǞàĝźĢ&ǯƤ:'
0ˆđ&¾ɾðɾōɾ&ǯƤ%'ˆƑǹȄ:ʊɍ6%5Ƥ$ŐūĩˆŐä
Û:ʶ-ˇŐɤ%$5$41ˆ%ŐñÓ:ɝ6"Íƕ$
đ&Ɓ%œ35Śɫǣ-ˇ 
 
 ƌō%ˆȝė%95ŕŲˆäÛ 7ĤƂ%œ35ŚɫɄ-ˇ 
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